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Abstract 
In crustaceans, molting is an essential process for growth and development. 
The molt-inhibiting hormone (MIH) synthesized in the X-organ of the crustacean 
eyestalks plays an important role in controlling and regulating the molting cycle by 
inhibiting the secretion of ecdysone from the Y-organ. A cDNA encoding an 
MIH-like neuropeptide has been cloned from the total RNA isolated from the 
X-organ of the white shrimp Pemeus vannamei by the 3' and 5’ rapid amplification 
of cDNA end (RACE) method. The protein sequence of the MIH-like neuropeptide is 
deduced from the sequence analysis of the cloned cDNA. The mature peptide 
consists of 72 amino acids and shares 49% and 29 % amino acid identity with the 
MIH from the lobster Homarus americanus and the crab Carcinus maenas, 
respectively. 
Although MIH was discovered more than 30 years ago, the biological 
activity, molecular structure and its precursor(s) are poorly known. This is because 
the X-organ sinus gland is very small and produces a large variety of hormones so 
that it is difficult to obtain pure and homogeneous MIH for study. The use of plant 
bioreactors to produce recombinant MIH-like neuropeptide by expression of the 
MIH-like gene in plant seeds may be one of the best solutions to overcome this 
difficulty. In addition, the development of a platform to produce MIH polypeptide 
iii 
may find practical applications in shrimp aquaculture. 
In the present study, the MIH-like cDNA was used to construct two chimeric 
MIH genes whose expressions were under the control of phaseolin promoter and 
terminator. One of the chimeric genes included the phaseolin signal peptide sequence 
and its protein product will be directed to the protein bodies in seeds. The other one 
lacking this signal peptide will have its product directed to the cytosol. The chimeric 
MIH genes together with the neomycin phosphotransferase II (NTP II) selectable 
marker and the P-glucuronidase (GUS) screenable marker genes were then 
transferred into the tobacco genome by Agrobacterium-mQd\2i\.Q<\ transformation. 
The integration of the transgenes into the tobacco genome was implied by 
positive results in the GUS expression assays and was confirmed by detection of the 
transgenes in Southern blot analysis. The presence of MIH gene transcripts in 
tobacco developing seeds was also detected by RT-PCR and northern blot analysis. 
However, the results of tricine-SDS-PAGE and western blot analyses failed to reveal 
the presence of recombinant MIH proteins in the total protein extracts from 
transgenic tobacco seeds. The translatability of the MIH genes was tested by in vitro 
transcription and translation experiments, and by particle bombardments using 
MIH-GUS fusion gene constructs. The results suggest that expressions of the MIH 
transgenes may be blocked or inefficient at the post-translational levels. Further 
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studies including codon modification and MIH-LRP flision proteins are under way to 























因組成（pBI121/Phas-MIH) ’由於缺少了信號肽序列的引導’ MIH蛋白質將會 
在細胞質中表達°這些嵌合基因插入到農桿菌二分載體PBI121後，通過農桿菌 
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Chapter 1 General Introduction 
Rapid and controlled growth is a primary goal of all shrimp culturists. In 
order to grow, a shrimp must periodically undergo molting during which the old 
exoskeleton is shed and the shrimp takes up water to expand the body before the new 
exoskeleton hardens. This process is controlled by two principal hormones: ecdysone 
that initiates molting and the molt-inhibiting hormone (MIH) that inhibits molting by 
suppressing the synthesis and/or secretion of ecdysone from the Y-organ. The MIH is 
a neuropeptide hormone synthesized by the X-organ located in the shrimp's eyestalks. 
Ablation experiments have shown that removal of one or both of the eyestalks of the 
shrimps resulted in a decrease in the length of the molt cycle interval, and the 
shrimps molt more frequently and grow faster (Gross & Knowlton，1997). These 
experiments suggest that the growth rate of shrimps can be controlled by 
manipulating the molt cycle. One possible way is to inject or feed the shrimps with 
ecdysone to increase the frequency of molting. However, a lot of abnormal shrimps 
in ugly shapes and sizes were resulted from such treatments (Sun, P.S., personal 
communication). The MIH is another important control point for manipulation of the 
molt cycle. However, little is known about its detailed biological activities, molecular 
structure and the precursors in its synthesis pathway. This is because the X-organ 
sinus gland is very small and contains a large variety of hormones so that it is 
1 
difficult to obtain sufficient amounts of pure and homogenous MIH for study (Chang, 
1992). 
With the rapid advances in molecular biology and recombinant DNA 
technology, genes encoding useful proteins can be cloned and transferred from one 
species to another one. Bacteria and yeast were the first organisms to be used as 
bioreactors for the production of foreign proteins. Recent development in the use of 
transgenic plants as bioreactors offers certain advantages over the bacterial, yeast and 
animal systems. Plant bioreactors are relatively less expensive to maintain, easier to 
scale up the production, and are intrinsically free from contamination of animal 
pathogens. Besides, they produce correctly folded polypeptides and carry out nearly 
all of the post-translational modifications required for optimal biological activity of 
eukaryotic proteins (Fischer et al, 1999b). In this study, a cDNA encoding an 
MIH-like polypeptide in the White shrimp, Penaeus vannamei, was used to construct 
• two chimeric MIH genes under the control of the seed-specific phaseolin promotor 
and terminator. These chimeric MIH genes were introduced into the tobacco genome 
by Agrobacterium-mQdi\2AQ& transformation and it is hoped that the recombinant MIH 
polypeptides can be synthesized and accumulate in the transgenic tobacco seeds. The 
ultimate goal is to obtain a sufficient amount of MIH polypeptide for studying its 
molecular structure and biological activities in the shrimps. 
2 
Chapter 2 Literature Review 
2.1 MIH from Penaeus vannamei 
2.1.1 General Introduction to Penaeus vannamei 
Penaeus vannamei, also called the Whiteleg shrimp (F.A.O. name), or 
simply White shrimp, belongs to the Phylum Arthropoda, Subphylum Crustacea, 
Class Malacostraca，Order Decapoda and Family Penaeidae. It is one of the most 
commonly cultured penaeid shrimp species which can be identified by the shape and 
number of rostral teeth, carapace spines and grooves, and antennal scale length. 
2.1.1.1 Morphology 
Penaeus vannamei is characterized by having a rostrum which curves down 
slightly with 8-9 dorsal teeth and 1-3 ventral teeth (Fig. 1). Carapace has pronounced 
antennal and hepatic spines, and lacks orbital and pterygostomian spines. The 
orbito-antennal sulcus is well marked, with sharp cervical and hepatic carinae, and 
deep accompanying sulci. The sixth abdominal somite bears three cicatrices. The 
telson is unarmed. Antennules lack a parapenaeid spine and antennular flagella are 
much shorter than the carapace. Basial and ischial spines are present on first 
pereopod, and a basial on second (Perez Farfante & Kensley，1997). 
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Figure 1: Morphological features of Penaeus vannamei 
(A) Lateral view of a male Penaeus vannamei. 
A - Abdomen; Aa - antenna; As - Antennal scale; Au - Antennule; C _ Carapace; M -
Third maxilliped; P - Pereiopod (walking leg); PI - Pleopod (swimmeret); Pt - Petasma; 
R - Rostrum; T - Telson; U - Uropod 
(B) The anterior region (cephalothorax) of a typical penaeid shrimp indicating spines, 
grooves and other features which are useful for species identification. 
A - Adrostral ridge and groove; Ar - Antennal ridge and groove; As - Antennal spine; B 
-Branchiocardiac ridge and groove; C - Cervical ridge and groove; D - Distal or last 
rostral tooth; E - Epigastric or first rostral tooth; G - Gastro-frontal ridge and groove; Go 
-Gastro-orbital ridge and groove; H - Hepatic ridge and groove; Hs - hepatic spine; M -
Median groove; P - Postrostral ridge; Pp - Position of the post-rostral groove; V- Ventral 
rostral tooth. 
(G) A biramous appendage from the thorax of Penaeus vannamei showing the two 
differentially developed rami. 
B - Basis; C: - Coxa; Ca - Carpus; D - Dactylus; En - Endopodite; Ep - Epipodite; Ex -
Exopodite; I - Ischium; M - Merus; P - Propus. 
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2.1.1.2 Geographical distribution 
Penaeid shrimps are found in tropical and subtropical waters around the 
world, from about 4 0 � N to 4 0 � S latitude. P. vannamei is distributed in the eastern 
Pacific from Sonora in New Mexico to Tumbes in northern Peru (Perez Farfante & 
Kensley，1997). This marine shrimp likes muddy bottoms at depths from the 
shoreline down to about 72 meters. 
2.1.1.3 Economic value 
Cultured penaeid shrimps currently account for about 30% of global shrimp 
production (F.A.O.，1995)，and their production continues to expand. The aquaculture 
of penaeid shrimps began from the experimental stage in about 30 years ago and 
developed rapidly into one of the world's major industries. It now provides not only 
employment to hundreds of thousands of skilled and unskilled workers, but also 
billions of U.S. dollars in revenue, and a high quality food product (Lightner & 
Redman, 1998). Among the cultured shrimp species, 17.5% of all the production in 
metric ton is contributed by Penaeus vannamei in 1997 (Fig. 2)，and this is 
commensurate to 900 million U.S. dollars in 1997 and 1 billion U.S. dollars in 1998 
(F.A.O., 2000). 
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Production of shrimp by Aquaculture from different species 
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Figure 2: Production of shrimp by aquaculture from different species. 
The world shrimp production by aquaculture has increased from 22.5% in 1988 
to 28% in 1998. Penaeus monodon is by far the most widely cultured shrimp 
spccies’ followed by Penaeus vannamei which accounts for about 17.5% of the 
total cultured shrimp production in 1997. 
MT = metric ton 
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2.1.2 Physiology of Molting in Crustacean 
2.1.2.1 The molt cycle 
Shrimps, like all other crustaceans, grow by a complex process called 
molting. For growth to occur, a shrimp must first periodically loosen the connectives 
between their epidermis and the extracellular cuticle, rapidly escape from the rigid 
cuticle, take up water to expand the new flexible exoskeleton, and then quickly 
harden it with minerals and proteins. This molting process results in discontinuous 
increases in size. 
Although different species may have their own stage definitions (Skinner, 
1985)�the molt cycle can be divided into four general stages. During the premolt 
(proecdysis) stage, the old exoskeleton is separated from the underlying epidermal 
layer. The old exoskeleton is partly reabsorbed, and energy reserves are mobilized 
from the midgut gland. Premolt begins with an increase in concentration of a molting 
hormone in the hemolymph days or weeks before. The following stage, ecdysis, only 
lasts a few minutes. It begins with the old exoskeleton opening at the dorsal junction 
of the thorax and abdomen in decapod crustaceans, and is completed when the 
animal escapes from its confines. Postmolt is the next stage when the new 
exoskeleton expands due to increased hemolymph volume from water influx, which 
occurs across the epidermis, gills and gut. After several hours or days (depending on 
7 
total length of the molt cycle), the new exoskeleton hardens and retains its rigidity. 
Finally，during intermolt, the exoskeleton becomes much harder through mineral and 
protein deposition. Shrimp exoskeleton is relatively thin and soft compared with that 
of crabs and lobsters (Chang, 1992). 
Molting is a complex process that involves many physiological, biochemical 
and behavioral changes over a prolonged time course. This process essentially 
requires a close coordination and is hormonally regulated. 
2.1.2.2 Physiological effects of ecdysone 
The molting hormone, ecdysone, is the hormone that initiates molting in 
crustaceans. The first molting hormone was isolated from hundreds of kilograms of 
moth pupae (Butmandt & Karlson，1954) and its physiologically active form appears 
to be, in most cases, the metabolite 20-hydroxyecdysone (Karlson et al., 1965; Huber 
& Hoppe，1965). One year later, the structure of 20-hydroxyecdysone (20-HE) from 
the lobster Jasus lalandei was determined (Hampshire & Hom，1966; Horn et al., 
1966). Additional ecdysteroids have since been identified in various tissues of 
different crustacean species. These include ponasterone A (25-deoxy-20-HE), 
inolosterone (25-deoxy-20,26-diHE), 20,26-diHE, makisterone A (24-methyl-20-HE) 
and 2-deoxyecdysone (Chang, 1989). In P. vannamei, the major ecdysteroid 
produced by the Y-organ was found to be 3-deoxyecdysone (Blais et al., 1994). 
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2.1.2.3 Regulation of the secretion of ecdysone 
Early experiments have shown that the source of ecdysone secretion is a 
gland called the Y-organ located in the anterior branchial chamber (Ecgakuer, 1959). 
This molting gland may exist as a compact mass (e.g. in crabs), or as diffuse strands 
(e.g. in crayfish and lobsters). Definitive characterization of ecdysone as the 
secretory product of the Y-organ of the crabs Carcinus antennarius and 
Pachygrapsus crassipis was established by mass spectrometry (Chang & O'Connor， 
1977). 
The concentration of ecdysone in the crustacean hemolymph varies 
dramatically during the molt cycle. The titer of ecdysone in hemolymph, quantified 
by radioimmunoassay (RJA), is negligible at postmolt stage, then begins to rise upon 
entry into Premolt stage, followed by a large peak which drops sharply just prior to 
ecdysis stage (Chang et al., 1991). This variation of ecdysone concentrations was 
later found to be under the control of another hormone called molt-inhibiting 
hormone，which regulates the rate of synthesis and secretion of ecdysone by the 
Y-organ. 
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2.1.2.4 Physiological effects of Molt-inhibiting hormone 
1. Source of MIH 
Early in the 19出 century, Zeleny performed a simple experiment by 
removing both of the stalked eyes of the fiddler crab，Uca pugilator, and a decrease 
in the length of the molt cycle interval was observed (Zeleny, 1905). This 
observation plus the replacement experiment of implanting eyestalk contents (Brown 
& Cunningham，1939) led to the postulation of an endocrine factor, called 
molt-inhibiting hormone (MIH), present in the crustacean eyestalks that inhibits 
molting. This simple eyestalk ablation experiment has been repeated on many 
different crustaceans, especially decapods, and similar results were observed. 
The molt-inhibiting hormone is one of the many neurosecretory products 
originated from the X-organ (Fig. 3). In the decapod crustacean eyestalks, there is a 
neurohemal organ called sinus gland which serves as a storage site for 
neurosecretory products. This gland consists of enlarged endings of a group of 
neurosecretory neurons collectively called the X-organ (Bliss & Passano，1952; 
Passano，1953). That the X-organ is the source of MIH has been shown by 
experiments in which reinjection of X-organ extract into the eyestalk-ablated 
juvenile Homarus americanus (American lobster) and adult Palaemonetes pugio 
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(grass shrimp) significantly delayed their molting (Freeman & Bartell’ 1976; Bruce 
& Chang，1984). These extracts have been shown to be directly antagonistic to 
ecdysone both in vitro and in vivo in grass shrimp, Palaemonetes pugio (Freeman & 
Bartell，1975 & 1976)，American lobster, Homarus americanus (Chang et al., 1987)， 





Figure 3: Location of the X-organ-sinus-gland complex in a crustacean 
eyestalk. 
M m synthesized in the X-organ is transported to and stored in the sinus 
gland where MIH is secreted into the hemolymph directly. 
OP: optical peduncle; MT: medulla terminalis; MI: medulla interna; ME: 
medulla externa. 
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II. Biological activity of MIH 
Numerous in vitro and in vivo assays have demonstrated that MIH inhibits 
molting in crustacean through suppressing synthesis and/or secretion of ecdysone, 
the molting hormone (Lachaise et aL, 1993). Biochemical studies revealed that MIH 
acts by inhibiting steroidogenesis through high-affinity specific receptors on Y-organ 
cell membrane (Webster, 1993) and a second-messenger cascade involving cAMP 
and cGMP (Lachaise et aL, 1993; Sedlmeier & Fenrich，1993; Saidi et aL, 1994). 
In a bioassay designed for MIH of Penaeus vannamei, the effect of MIH on 
ecdysteroid production by the Y-organ was investigated (Sefiani et aL, 1996). 
Compact Y-organs dissected from shrimps of different stages in the molt cycle were 
allowed to incubate in a medium containing the sinus gland homogenate，which was 
the source of MIH. The concentrations of ecdysteroids secreted by the Y-organ into 
the medium were determined by an enzyme immunoassay (EIA) at different time 
points. The results showed that the production of ecdysteroids was significantly 
suppressed, with a percentage of inhibition close to 80%, in the experimental 
Y-organs when compared with the control Y-organs (which were incubated in a 
medium without sinus gland homogenate added). Moreover, the percentage of 
inhibition was maximal (72.9 土 8.9%) with Y-organs from the mid-premolt stage 
(Dl，，）and declined to less than 10% as progressed to the late-premolt stage (D3). 
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2.1.3 Cloning of MIH cDNA from P. vannamei 
2.1.3.1 Molecular identity of MIH 
MIH is a member of the eyestalk crustacean hyperglycemic hormone (CHH) 
neuropeptide family. It shares several similarities with the CHH and the 
vitellogenesis-inhibiting hormone (VIH) in structure, amino acid sequence homology 
and biological activities (Keller, 1992; De Kleijn & Van Herp, 1995). The major 
fimction of CHH is to regulate carbohydrate metabolism, while VIH has been shown 
to inhibit the onset of vitellogenesis. Comparison of the amino acid sequences of 
CHH，MIH and VIH from several crustaceans revealed 28% to 50% homology 
among this peptide family, suggesting that these peptides may originate from a 
related gene family (Sun, 1995). 
Although MIH was discovered more than 30 years ago, it has been folly 
characterized from sinus glands of only a few species. MIH isolated from the 
American lobster, Homarus americanus (Chang et al, 1990)，the shore crab, 
C^rcinus maenas (Webster, 1991)，the kuruma prawn, Penaeus japonicus (Yang et 
al., 1996), the sand shrimp, metapenaeus ensis (Gu & Chan，1998), the Mexican 
crayfish，Procambarus bouvieri (Aguilar et al, 1996) and the American crayfish, 
Procambarus clarkii (Nagasawa et al.，1996)，were found to consist of 75 to 77 
amino acid residues and have similar amino acid sequences with six conserved Cys 
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residues. 
2.1.3.2 Cloning of MIH cDNA 
Since MIH from different decapod crustaceans have similar amino acid 
sequences and conserved regions, primers can be designed based on the known MIH 
sequence of one species to synthesize the cDNA of unknown MIH sequence of 
another species. Using this strategy, a cDNA encoding an MIH-like peptide in the 
AVhite shrimp, Penaeus vannamei, was cloned and sequenced (Sun, 1994). The 
method involved the use of both 3'- and 5'-RACE (rapid amplification of 
complementary DNA ends) which allows the production of sufficient cDNA for 
cloning from a low mRNA source. 
For 3'-RACE, a gene-specific up-primer was designed based on the 
published information of the conserved region of MIH amino acid sequence (position 
23 to 28) of Homarus americanus (Chang et al., 1990)，while the low-primer was 
oligo(dT)i6-containing adapter. Reverse transcription was then carried out in the 
presence of total RNA extracted from X-organ cells of White shrimp's eyestalks， 
followed by PGR to amplify the cDNAjust synthesized. For 5'-RACE, gene-specific 
low-primers derived from the nucleotide sequence of the 3'-RACE product, together 
with the universal anchor primers as the up-primer, were used to synthesize the 
upstream region of the MIH-like cDNA (Sun, 1994). 
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2.1.3.3 Comparison of the cloned MIH-like cDNA with the 
CHH/MIH/VIH peptide family 
The MIH-like cDNA obtained by this 3，- and 5,-RACE method has a size of 
470 bp including a 306-bp open reading frame and a 164-bp 3'-untranslated region. 
The deduced amino acid sequence of the MIH-like cDNA was compared with other 
members in the CHH/MIH/VIH peptide family (Fig. 4). Except the first Cys residue 
in the MIH of C. maenas, all of the six Cys residues are conserved and located at the 
same position. The shrimp MIH-like peptide shares the highest identity (49%) to the 
H- americanus MIH and CHH-A, and the least identity (21%) to the Callinectes 
sapidus MIH. While most of the conserved amino acid residues are located in the 
vicinity of the six Cys residues, there is little homology in the C-terminal area (Sun, 
1994). 
The structures of MIH and CHH are considered to be related (Keller, 1992)， 
and a peptide isolated by Chang et al (1990) has been shown to exhibit both 
molt-inhibiting and hyperglycemic activities in H. americanus. Therefore, the 
MIH-like cDNA of P. vannamei cloned might be MIH, or another functional peptide 
with a related structure (Sun, 1994). Although the DNA and amino acid sequence 
comparisons suggested that this MIH-like cDNA was more closely related to CHH 
(Gu & Chan, 1988)，however, recent study that revealed the sequence of P. vannamei 
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CHH (Pev CHH) has found that the MIH-like peptide is unambiguously different 
from Pev CHH. First, the gene-specific primer used in the 3'-RACE was CEDCYN 
(derived from the conserved region of the H. americanus MIH at positions 23 to 28) 
which is different from the corresponding sequence (CDDCFN) in Pev CHH at the 
same positions (Sefiani, 1996). Second, the molecular mass calculated from the 
deduced amino acid sequence of MIH-like peptide (8456 Da) is different from that of 
the Pev CHH (8627 Da) experimentally determined (Sefiani, 1996). Therefore, the 
transgenic expression and purification of this recombinant MIH-like protein is 




Pev-MIH-lik. D T F D H S C K G I Y D R E L P R K L D R V C B D C Y 
Me-MIH Y I E N T C R G V M G N R D I Y K K V V R V C E D C T 
Hoa-MIH p E V F D Q A C K G V Y D R N L F K K L D R V C E D C Y 
Cam-MIH R V I N D E C P N L I G N R D L Y K K V E W I C E D C S 
Chf-MIH R V F N D D C P N L M G N R D L Y K K V E W T C D D C A 
CAP-MIH R V I N D D C P N L I G N R D L Y K K V E W I C E D C S 
Cas-MIH R V I N D D C P N L I G N R D L Y K K V E W I C D D C A 
Cam-CHH P E I Y D T S C K G V Y D R A L F N D L E H V C D D C Y 
Hoa-CHH-A P E V F D Q A C K G V Y D R N L F N K L D R V C E D C Y 
Hoa-CHH-B p E V F D Q A C K G V Y D R N L F K K L N R V C E D C Y 
Ori-CHH P E V F D Q A C K G I Y D R A I F K K L D R V C E D C Y 
31 41 51 
Pev-MIH-lik. N V F R E P K V A T E C K S N C F V N K R F N V C V A D 
Me-MIH N I F R L P G L D G M C R D R C E N N E W F L V C L K A 
Hoa-MIH N L Y R K P F V A T T C R E N C Y S N W V F R Q C L D D 
Cam-MIH N I F R K T G M A S L C R R N C F F N E D F V W C V H A 
Chf-MIH N I F R I P G M A S I C R K D C F F N E D F L W C V R A 
Cap-MIH N I F R N T G M A T L C R K N C E F N E D F L W C V Y A 
Cas-MIH N I Y R S T G M A S L C R K D C F F N E D F L W C V R A 
Cam-CHH N L Y R T S Y V A S A C R S N C Y S N L V F R Q C M D D 
Hoa-CHH-A N L Y R K P F V A T T C T E N C Y S N W V F R Q C L D D 
Hoa-CHH-B N L Y R K P F I V T T C T E N C Y S N R V F R Q C L D D 
Ori-CHH N L Y R K P Y V A T T C R Q N C Y A N S V F R Q C L D D 
61 71 Identity 
Pov-MIH-lik< L R H D V S R P L K M A N S A L S 100 
Me-MIH A N R D D E L D K F K V W I S I L N P G L 2 6 . 8 
H o a - M I H L L L S N V I D E Y V S N V Q M 4 9 3 
Cam-MIH T E R S E E L R D L E E W V G I L G A G 2 9 . 6 
C h f - M I H T E R T E E M M C L K C W V R T L G A G R D 2 2 . 5 
C a p - M I H T E R T E E M S C L R Q W V G I L G A G R E 2 9 . 6 
C a s - M I H T E R S E D L A C L K Q W V T I L G A G R I 2 1 . 1 
Cam-CHH L L M M D E F D Q Y A R K V Q M V N H 2 4 0 . 8 
H o a - C H H - A L L L S D V I D E Y V S N V Q M V N H 2 4 9 . 3 
Hoa-CHH-B L L M I D V I D E Y V S N V Q M V N H 2 4 5 . 1 
O r i - C H H L L L I D V L D E Y I S G V Q T V N H 2 4 7 . 9 
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Figure 4 (previous page): Comparison of the deduced amino acid sequence of the white 
shrimp MIH-like peptide with the peptide sequences of the CHH/MIH peptide family. 
Identical amino acid residues are shaded. Pev: Penaeus vannamei-. Me: Metapenaeus ensis\ 
Hoa: Homarus americanus; Cam: Carcinus maenas; Chf: Charybdis feriatus; Cap: Cancer 
P a g画;C a s : Callinectes sapidus; Ori: Orconectes limosus; MIH: molt-inhibiting hormone; 
CHH: crustacean hyperglycemic hormone; (Soyez et al, 1991; Gu & Chan, 1998). 
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2.2 Plants as Bioreactors 
2.2.1 Principles & Techniques 
With the rapid advances in molecular biology and recombinant DNA 
technology, genes encoding useful proteins such as those of pharmaceutical and 
agricultural interests can be cloned and transferred from one species to another one. 
Early in the 1960s, Escherichia coli has been used as a bioreactor for the production 
of human insulin. The use of transgenic plants as bioreactors offers advantages and 
potential for inexpensive production of safe and functional recombinant protein 
products such as antibodies, vaccines, hormones and cytokines. 
There are two plant expression systems for production of recombinant 
proteins: the plant-suspension cell culture and intact transgenic whole plants. 
Plant-suspension cells are an in vitro system in which callus clumps cultivated on 
solidified media are transferred to liquid medium and agitated on rotary shakers or in 
fermentors, resulting in the formation of a culture of single cells or small aggregates 
of about 10 to 20 cells. Since plant-cell suspensions have the disadvantages of poor 
cell growth rates, lower production rates, somaclonal variation, higher scale-up and 
production cost, they are less commonly used (Schlatmann et al.’ 1996; Offringa et 
< 1990; Yu et al., 1996). Most applications of plant-suspension cell cultures in 
biotechnology are confined to the production of naturally occurring secondary 
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metabolites, such as shikonin, anthocyanins and important anti-tumor agents like 
taxol，vinblastin and vincristine (Fischer et al., 1999a). Therefore, for the main 
concern of this thesis and for the rest of the text, the plants that are used as 
bioreactors refer to intact transgenic plants only. 
2.2.2 Advantages of plant bioreactors 
Compared with bacteria as an expression system for the production of 
recombinant proteins, plant systems are more attractive for producing eukaryotic 
proteins because they produce correctly folded polypeptides and carry out nearly all 
of the post-translational modifications required for optimal biological activity of 
proteins. The production and scale-up cost of using plant expression system is also 
lower because, unlike bacteria, yeast or animal expression systems, plant cultivation 
does not require specialist equipment or expensive media supplements such as 
fermentors and fetal calf serum. Plant-based production of recombinant proteins 
requires only transgenic plants, sunlight, land, minerals and water. Besides, the 
products produced by plant systems are safer because they are presumably free of 
contamination of animal specific pathogens, and the ethical issues associated with 
transgenic animals can also be avoided. Furthermore, plant genetic materials and 
proteins can be stored easily in seeds or tubers, which are very stable and have a long 
shelf life (Fischer et al., 1999b). 
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The above features justify the use of plants as an alternative, or even better, 
source for producing recombinant proteins at low cost while eliminating the 
disadvantages associated with microbial or animal-cell systems. It has been estimated 
that proteins produced in plants are 10 to 50-fold less expensive that those made in E. 
coli (Larrick et al, 1998). 
The main obstacle that limits the potential of plant bioreactors is the 
relatively long time required to generate stable and homogenous transgenic lines, 
potential problems with gene silencing (Wassenegger & Pelissier，1998)，minor 
modifications in the carbohydrates of large complex molecules (Hiatt & Ma，1993; 
Kusnadi et al” 1997) and limited knowledge on the downstream processing of 
recombinant proteins in plant cells (Fischer et al., 1999b). 
2.2.3 Tobacco expression system 
2.2.3.1 Tobacco as model plants 
Tobacco has become one of the most common model plants used in 
transgenic experiments despite its relatively large genome size (>10^ kb compared 
with 107 bp for Arabidopsis) and longer regeneration time (>3 months, compared 
with one month for Arabidopsis). This is because tobacco is readily transformed and 
regenerated into an intact transgenic plant. Moreover, tobacco plants are annual or 
perennial and are capable of self-fertilization to produce abundant seeds for analysis. 
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2.2.3.2 Transformation methods 
Transformation of tobacco {Nicotiana tabacum) can be achieved by direct 
DNA uptake using polyethylene glycol (PEG), electroporation, microinjection and 
particle bombardment. The plant can also be transformed using 
Agrobacterium-mQdiidXQd transformation by cocultivation of callus tissue, leaf or root 
explants with Agrobacteria, or simply by directly applying Agrobacteria to the plant 
and recovering transformants in the progeny. 
I. Direct DNA uptake 
Direct DNA uptake is a straightforward physical process that does not 
require any kind of biological vector, thus overcoming any possible host range 
problems associated with Agrobacteria, This method is especially important for 
monocot transformation due to the poor successful rate of using 
Agrobacterium-mt^idXQd transformation. 
The uptake of DNA by both monocot and dicot protoplasts (plant cells 
deprived of their cell walls) can be promoted by chemical treatment such as PEG, 
which acts to increase the permeability of cell membrane. The use of PEG-mediated 
direct DNA transfer method was initially established by Negrutiu et al. (1987) for 
tobacco. 
Electroporation is another method used in the direct gene transfer into 
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protoplasts. This method uses short electrical pulses of high electric field to generate 
pores on the protoplast cell membrane so that negatively charged DNA molecules 
will enter the protoplast electrophoretically (Jones et al., 1987). Shimamoto et al. 
(1989) has used this method to produce transgenic rice plants with high efficiency 
and reproducibility. Riggs and Bates (1986) have used this method to transform 
tobacco protoplasts to obtain stable transgenic plants. 
Microinjection is one of the most precise techniques for delivering 
macromolecules into specific intracellular compartments of living cells. This method 
involves the use of microcapillaries and micromanipulators to deliver DNA into the 
protoplasts that are usually immobilized on a thin layer of alginate. Schnorf et al. 
(1991) has demonstrated the microinjection of neo gene (coding for neomycin 
phosphotransferase II) into tobacco mesophyll protoplasts with transformation 
efficiencies range from 2% to 20%. 
Biolistic gene transfer (particle bombardment) delivers DNA coated on 
tiny gold or tungsten particles into plant cells by using high-velocity acceleration of 
microprojectiles to penetrate the cell wall and membrane into the cells. Stable 
expression of a reporter gene (GUS) under the control of the truncated SVBV 
(strawberry vein banding caulimovirus) promoter was transferred and shown to 
express in the roots, leaves and stems of tobacco transformed by particle 
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bombardment (Wang et al” 2000). 
II. Agrobacterium-m^dx^it^d. transformations 
Agrobacterium tumefaciens is a soil bacterium which, when infects 
wounded plants, can transfer a fragment of DNA (called T-DNA) excised from its Ti 
(tumor-inducing) plasmid into a plant cell genome. The availability of a wide range 
of A tumefaciens strains and Ti plasmid-derived cloning vectors which can virtually 
accommodate any target genes, has made Agrobacterium-mQdiZiXQd transformation 
the most widely used method to transfer foreign DNA into dicot plants. Using this 
method, various foreign genes have been transferred to tobacco for different purposes: 
for plant physiology and molecular biology studies such as the light-regulated genes 
in wheat (Lamppa et al., 1985); as a model plant for crop improvement such as 
bacteria- and insect-resistance genes (Florack et al” 1995; Strizhov et al., 1996); and 
for production of pharmaceutical proteins such as antibodies (Hiatt et al., 1989) and 
hepatitis B surface antigen (Mason et al., 1992). 
The advantage of whole plant transformation, as compared with 
suspension-cell culture, is that expensive tissue culture maintenance and the resulting 
somaclonal variations can be avoided. This approach is also suitable for 
transformation of plant species refractory to tissue culture and regeneration. In 
addition, only a short time period is required for obtaining the whole transgenic 
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plants. However, the efficiency of whole plant transformation is quite low and 
variable. 
2.2.4 Phaseolin 
The promotor and terminator sequence of phaseolin gene was used as the 
seed specific and strong regulatory sequences for expressing the foreign gene in the 
present study. The phaseolin gene, which was the first plant gene cloned (Sun et al” 
1981; Slightom et al., 1983)，encodes the major seed storage protein in common 
beans (Phaseolus vulgaris). The P-phaseolin gene isolated by Sun et al. (1981) 
contains 80 bp of 5'-untranslated region, 1263 bp of protein-encoding region, which 
is interrupted by 5 intervening sequences, and 135 bp of 3'-untranslated region. 
Phaseolin serves as a nutritional source for germinating seeds and accounts 
for 40-60% of the total seed proteins (Osbom, 1988). It is a salt-soluble globulin and 
consists of 3 subunits, namely a, p and y, with corresponding molecular weights of 
about 52，48 and 45.5 kDa. The synthesis of phaseolin is under strict tissue and 
temporal control. It is rapidly synthesized and accumulated in the cotyledon during 
embryogenesis, but is absent from vegetative tissues. The three polypeptides of 
phaseolin subunits are encoded by 16S mRNA species which are translated on 
polysomes of the rough endoplasmic reticulum (ER) and cleaved to remove the 
signal peptide sequence while entering the ER lumen (Bollini & Chrispeels，1978; 
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Chrispeels, 1991). The polypeptide is glycosylated, folded into the proper tertiary 
structure, and. assembled into a trimer which is then transported by bulk flow from 
the ER to the Golgi apparatus (D'Amico et al., 1992，Vitale et al., 1995). Finally, the 
glycosylated phaseolin trimer is targeted to the vacuole and packaged into the protein 
body. 
Since phaseolin is an abundant seed storage protein which accounts for 
about 50% of the total proteins in mature French bean, the phaseolin promoter is a 
good candidate for use in plant bioreactors to express as much target protein as 
possible. A chimeric gene encoding a Brazil nut methionine-rich protein was 
expressed under the control of phaseolin promoter to a significant level in transgenic 
tobacco seeds (Altenbach et al., 1989). 
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Chapter 3 
Expression of MIH in Transgenic Tobacco 
3.1 Introduction 
Two chimeric genes encoding the MIH-like polypeptide under the control of 
the regulatory regions of the seed-specific phaseolin gene were constructed and 
transformed into tobacco. The first chimeric gene construct has a phaseolin promotor, 
a hexa-histidine tag (His-tag or 6xHis-tag) and an enterokinase (EK) cleavage site on 
the 5'-end of MIH gene, and a phaseolin terminator on its 3’-end. The second 
construct is basically the same as the first one except having an additional phaseolin 
signal peptide (Phas-SP) sequence between the phaseolin promotor and the His-tag. 
The first construct is expected to have the synthesized MIH polypeptide 
accumulated in the cytosol of transgenic tobacco seeds. The second construct with 
the additional Phas-SP sequence is expected to direct the deposition of MIH 
polypeptide into the protein bodies, which are membrane-bound organelles for 
storage of proteins in plant cells. The difference in the expression levels, if any, of 
the two constructs can indicate if targeting the MIH polypeptide (or other 
recombinant protein products) into the protein bodies would enhance the stability and 
accumulation of the protein product in transgenic tobacco seeds. 
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3.2 Materials & Methods 
3.2.1 Chemicals 
All chemicals used were reagent grade or molecular grade and were 
purchased from Sigma or otherwise noted. All restriction enzymes were from New 
England Biolabs and Promega unless specified otherwise. 
3.2.2 Plant materials 
Seeds of wild type tobacco {Nicotiana tabacum var. xanthi N.C.) were 
sterilized by washing with undiluted Clorox (5.25% sodium hypochlorite) for 3 
minutes in an eppendorf tube, followed by washing with sterilized distilled water 
three times, each for 1 minute. The sterilized seeds were then plated on MS medium 
agar (4.3 g/L Murashige & Skoog salts (Gibco), 2% sucrose, Ix vitamin B5, 0.8% 
Bacto-agar, pH 5.7) and placed at 4°C refrigerator for 2 days. Then they were moved 
to the growth chamber and allowed to grow at 24�C with 16 hour light/8 hour dark 
cycle. One month after germination, the tobacco leaves were used for 
Agrobacterium-mQdisitQd transformation with target genes. One and a half month 
after transformation, the regenerated transgenic tobacco plants were transferred to 
soils and grown in the greenhouse. 
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3.2.3 Bacterial strains and plasmid vectors 
Escherichia coli strain DH5a was used as host for most cloning and 
manipulation of plasmid DNA. Agrobacterium tumefaciens LBA 4404 (Ooms et al., 
1982) was used for transformation of tobacco plants. 
3-2.4 Construction of chimeric genes 
The strategy for the construction of MIH chimeric genes was to first amplify 
the MIH translated region in the MIH-like cDNA-containing plasmid, 
pBluescript/MIH-1, by PGR technique. The resulting MIH coding sequence was 
placed between the 5' and 3' regulatory regions of the phaseolin gene, one with the 
Phas-SP sequence retained and the other removed. The chimeric genes were then 
inserted into the Agrobacterium binary vector (pBI121) for tobacco transformation. 
3.2.4.1 PGR amplification of MIH 
As schematically illustrated in Fig. 5 and Fig. 6，pBluescript/MIH-1 plasmid 
that carries the full-length MIH-1 cDNA (Fig. 7) was used as the template for PGR 
amplification of the MIH translated region. A 50 |LI1 reaction mixture containing 40 
ng ofpBluescript/MIH-1 as DNA template, 0.5 fig each for 5'-MIHP and 3'-MIHPP 
primers (Fig. 8)，1.5 mM MgClz, 0.2 mM for each of the 4 dNTPs, Ix reaction buffer 
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(Promega, with 50 mM KCl, 10 mM Tris-HCl, 0.1% Triton X-100) and 5 units of 
Taq DNA polymerase (Promega), was used to amplify the MIH translated region. 
The following program was used: 94�C for 5 min, then 30 cycles of 94°C for 30 sec, 
50°C for 30 sec and 72°C for 60 sec, followed by 1 cycle of 72°C for 7 min. The 
resulting DNA product had a start codon within the Nco I site on the 5'-end 
introduced by the 5'-primer (5'-MIHP), and an Acc I and a BamH I sites on the 
3'-end introduced by the 3'-primer (3'-MIHPP). 
3.2.4.2 Cloning of PCR-amplified MIH into vector pET 
The purified PGR product of MIH was first cut with Nco I and BamH I 
(double digestion). For the constructs with and without Phas-SP sequence, the 
double-digested MIH gene was ligated into pET/D and pET/E plasmids, respectively, 
to replace the original P30 gene. This added part of the Phas-SP sequence (for the 
construct with Phas-SP), a His-tag and an EK site to the 5'-end of the MIH gene. 
3.2.4.3 Cloning of MIH into vector pBK/Phas-sp 
and pTZ/Phas 
For the chimeric MIH gene with Phas-SP sequence, Nde I and Acc I double 
digestion of pET/sp-MIH plasmid released the chimeric MIH gene with part of the 
Phas-SP sequence (Fig. 5). This gene fragment was isolated and ligated into 
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pBK/Phas-sp plasmid to replace the phaseolin gene. This added the phaseolin 
promotor and the complete Phas-SP sequence to the 5'-end of the chimeric MIH 
gene, and the phaseolin terminator to its 3'-end (Fig. 9). 
On the other hand, Acc I digestion of pET/MIH plasmid released the 
chimeric MIH gene which was then isolated (Fig. 6). Since the two Acc I sites at 
both ends of the chimeric MIH gene were incompatible, the chimeric MIH gene was 
ligated into pTZ/Phas plasmid in one orientation only, with the phaseolin promotor 
on its 5'-end and the phaseolin terminator in its 3,-end (Fig. 10). 
3.2.4.4 Cloning of MIH into binary vector pBI121 
As illustrated in Fig. 9 and Fig. 10，the two constructs of chimeric MIH 
genes with phaseolin regulatory sequence were released by Hind III digestion of 
pBK/Phas-sp-MIH and pTZ/Phas-MIH plasmids. The isolated chimeric MIH gene 
fragments were ligated into Agrobacterium binary vector pBI121 (Clontech), and 
became sandwiched between the neomycin phosphotransferase II (NPT II) selectable 
marker and the p-glucuronidase (GUS) screenable marker genes. The resulting 
plasmids were named pBI121/Phas-sp-MIH {with Phas-SP sequence) and 





Ncol S'-MIHP AAAGACGCGATAGGGATTJ ^ 
5' . ’ 、5， 
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Figure 5: Construction of chimeric MIH gene with phaseolin signal peptide, pET/sp-MIH 
The translated region (222 bp) of MIH-1 cDNA sequence in pBluescript/MIH-1 
phagemid was amplified by PCR, then replaced P30 in pET/D-P30 plasmid to add part 
of the phaseolin signal peptide region, Histidine-tag and Enterokinase site to its 5，-end. 
The resulting chimeric MIH gene was cut and ready for ligation into pBK/Phas-sp 
plasmid (shown in Figure 9 ) . � 
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5’ 3， 
“ TTTCTGCGCTATCCCTAA — 
Ncol 5� -MIHP AAAGACGCGATAGGGATIJ ^ 
5' . ， 、5， 
\ GACACCTTCGACCACTCCT 3’-MIHPP Acc I BamH I 
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Figure 6: Construction of chimeric MIH gene without phaseolin signal peptide, pET/MIH 
The translated region (222 bp) of MIH-1 cDNA sequence in pBluescript/MIH-1 
phagemid was amplified by PGR, then replaced P30 in pET/E-P30 plasmid to add a 
Histidine-tag and an Enterokinase site to its 5,-end. The resulting chimeric MIH gene 
was cut by Acc I and ready for ligation into pTZ/Phas plasmid (shown in Fig. 10). 
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1 GGC ACG AGC TCG TGC CGA ATT CGG CAC GAG 30 
3 1 GTA CTA CCT TGT GTG TTA TCG TTG CAA TAT 60 
6 1 CCA CCT GCA TTT GCA ACC GCA ACC ATG GTC 90 
9 1 AGC TTC CTC TCA CTT CGC ATG GTG TGC TCC 12 0 
1 2 1 GCC GCC CTG GTG TCG CTG CTG GTG CTG GCC 15 0 
1 5 1 CTG TCG TCC CGC AGC GCC TTC GCC CGC TCC 1 8 0 
1 8 1 GTC GAC GGC GTG GGG CGC CTT GAG AAG CTG 2 1 0 
2 1 1 CTG TCG TCC TCG TCG TCT TCG TCA GGC TCT 2 4 0 
2 4 1 TCT TCC CCC CTG GAT GCT CTC GGC GGC GAC 2 7 0 
2 7 1 CAC AGC GTG AAC AAG CGC GAC ACC TTC GAC 3 0 0 
Asp Thr Phe Asp 
3 01 CAC TCC TGC AAG GGC ATC TAG GAC CGG GAG 33 0 
His Ser Cys Lys Gly lie Tyr Asp Arg Glu 
331 CTC TTC AGA AAG CTG GAC CGC GTC TGC GAG 360 
Leu Phe Arg Lys Leu Asp Arg Val Cys Glu 
3 61 GAC TGC TAG AAC CTG TAG CGC AAG CCC TAG 3 90 
Asp Cys Tyr Asn Leu Tyr Arg Lys Pro Tyr 
3 91 GTG GCC ACC GAG TGC AAG TCC AAT TGC TTC 42 0 
Val Ala Thr Glu Cys Lys Ser Asn Cys Phe 
421 GTG AAT AAG AGG TTC AAT GTC TGT GTG GCT 450 
Val Asn Lys Arg Phe Asn Val Cys Val Ala 
451 GAT CTC AGA CAT GAT GTC AGC CGC TTT CTG 48 0 
Asp Leu Arg His Asp Val Ser Arg Phe Leu 
481 AAA ATG GCT AAA TTT CTG CGC TAT CCC TAA 510 
Lys Met Ala Lys Phe Leu Arg Tyr Pro *** 
5 1 1 TGG TTG AAG GCT ATG GAG TAA CTG CTA CGC 5 4 0 
5 4 1 CAA CTT CGT ATT CAA GCA GTG CCT CGA CGA 5 7 0 
• 5 7 1 TCT CCT TAT GGT CGA TGC CAT TGA CGA GTA 6 0 0 
6 0 1 CGT GAA CAC CGT CCA GCT GGT AGG GAA GTA 6 3 0 
6 3 1 AAG GCA GAA GTC TCT CAG GAC GCT AAT GTG 6 6 0 
6 6 1 GAG GAA ACA AGA AAA AAA AAA AAA A 
Figure 7: Nucleotide and deduced amino acid sequences of MIH-1 (MIH-
like) cDNA from P. vannamei in pBluescript/MIH-l plasmid 
The nucleotide sequence of MIH-like cDNA and the deduced amino acid 
sequence of the mature MIH-like polypeptide are shown in bold letters (219 
bp，73 ammo acid residues). Asterisks mark the termination codon. The 
putative polyadenylation site is shaded. 
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5'-MIHP (29-mer): 5 ' - CAT GCC ATG GAC ACC TTC GAC CAC TCC TG - 3 ’ 
Ncol 
3'-MIHPP(32-mer): 5，-CGGGATCCGTATACTTAGGGATAGCGC AGA A A - 3 ' 
BamHI Acc I 
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Figure 9: Construction of MIH chimeric gene with phaseolin signal peptide, 
pBI121/Phas-sp-MIH 
Chimeric MIH gene in pET/sp-MIH was cut out and ligated into pBK/Phas-sp to become sandwiched 
between the Phaseolin promotor/signal peptide sequence and terminator. The whole chimeric MIH 
gene with Phaseolin regulatory sequences was cut out with Hind III and then ligated into the 
Agrobacterium binaiy vector pBI 121 for tobacco transformation. 
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Figure 10: Construction of chimeric MIH gene WIVAOM/phaseolin signal peptide, 
pBI121/Phas-MIH 
Chimeric MIH gene in pET/MIH was cut out by Acc I and ligated into pTZ/Phas plasmid to become 
sandwiched between the Phaseolin promotor and terminator. The whole chimeric MIH gene with 
Phaseolin regulatory sequences was cut out with Hind III and ligated into the Agrobacterium binary 
vector pBI121 for tobacco transformation. 
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3.2.5 Transformation oi Agrobacterium by electroporation 
Aliquots (40 i^l each) of A. tumefaciens LBA 4404 competent cells were 
thawed and put on ice. One hundred ng of plasmid DNA including pBI121 plasmid 
that served as the vector-only control, pBI121/Phas-sp-MIH and pBI121/Phas-MIH 
plasmids (containing the chimeric MIH genes), were added separately to the 
competent cells in three eppendorf tubes and then kept on ice for 1 minute. The three 
cell-DNA mixtures were transferred separately to three pre-chilled 0.2 cm 
electroporation cuvette (Biorad) and the suspensions were shaken to the bottom. The 
mixtures were subjected to a pulse at 25 |iF，2.5 kV and 600 ohms using the Gene 
Pulser apparatus (Biorad). One ml of SOC medium (2% Bacto-tryptone, 0.5% 
Bacto-yeast extract, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl�，10 mM MgSO*，and 
20 mM glucose) was added to each of the cuvettes immediately to resuspend the 
cells. The cell suspensions were transferred to three separate 10 ml polypropylene 
tubes (Falcon) and shaked at 2 8 � C for 2 hours. Five and fifty of cells from each of 
the tubes were spread on six separate LB agar plates supplemented with 50 mg/L 
kanamycin and 25 mg/ml streptomycin. The remaining cells were centrifiiged for 10 
seconds at 14,000 rpm. About 800 )il of the supernatant was removed and the cells 
were resuspended in the remaining medium and then plated on the selection plates 
mentioned above. The plates (9 in total) were incubated at 2 8 � C for 2 to 3 days to 
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allow the successfully transformed bacteria, if any, to grow into colonies. The 
bacterial colonies were screened by restriction digestion of their plasmid with Hind 
III to check for the chimeric MIH gene inserts. 
3.2.6 Transformation of tobacco 
A single colony of A. tumefaciens LB A 4404 each harboring pBI121， 
pBI121/Phas-sp-MIH or pBI121/Phas-MIH was cultured in 3 ml of LB medium (10 
g/L bacto-tryptone, 5 g/L yeast extract and lOg/L NaCl) containing 50 mg/ml 
kanamycin and 25 mg/ml streptomycin, and incubated at 30�C with shaking (300 
rpm). After 16 hours, this 3-ml starter culture was sub-cultured into 300 ml of YM 
medium (0.4 g/L select yeast extract, 10 g/L mannitol, O.lg/L NaCl, 0.5g/L K 2 H P O 4 
and 0.2 g/L MgSCVVHzO) containing the same antibiotics mentioned above. The 
culture was allowed to incubate under the same conditions for another day until its 
OD620 was within 0.8 - 1.0 (ODe2o = 1.0 « 5xl0 ' cells/ml). The culture was 
centrifiiged at 7,000 rpm for 10 minutes and then resuspended in MS medium with 
0.5 mg/ml MES to a final concentration of lO^ cells/ml. 
Fresh tobacco leaves (one-month-old) were cut into small pieces ( � 1 cm x 1 
cm square discs) and incubated with the Agrobacterium cell suspension for 10 
minutes in a 50 ml polypropylene tube (Falcon) with rolling. The treated tobacco leaf 
* � 
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discs were transferred to solid MS agar plates with lower side of the leaves facing 
upwards，and were incubated at 24�C with 16 hour light/8 hour dark cycle. After 2 
days，these tobacco leaf explants were transferred to the shoot regeneration medium 
(MS agar containing 1 mg/L N6-benzyladenine, 0.1 mg/L Naphthaleneacetic acid, 
0.9 mg/L Phytagel, 100 mg/L kanamycin and 300 mg/L carbenicilin) and were 
incubated at the same conditions previously mentioned. After 1 week, calli formed 
around the wounded edges of the leaf slices, which were then transferred to new 
shoot regeneration media. Two weeks later，small shoots burgeoned from the calli 
were cut at their base and transferred to the root regeneration medium (MS agar 
containing 0.9 mg/L Phytagel, 100 mg/L kanamycin and 300 mg/L carbenicilin). 
Two weeks after the shoots were transferred to the root regeneration 
medium，the tobacco plants in Magenta boxes were transferred to soil in pots, and 
allowed to grow in the greenhouse. These plants were regarded as the F�plants. 
3.2.7 Selection of transgenic plants 
The Fo plants were selected only if they could grow on MS agar with 200 
mg/L kanamycin (this indicates the expression of M T / / g e n e in the T-DNA) and 
gave positive GUS assay results (that indicate the expression of GUS gene). Tobacco 
seeds from the FQ plants were subjected to the same criteria of selection. For each Fo 
41 
plants, 300 of seeds (about 300 seeds) were sterilized by washing with undiluted 
Clorox for 3 minutes in an eppendorf tube, followed by washing with sterilized 
distilled water three times, each for 1 minute. About 50-60 sterilized seeds were 
plated on MS agar with 200 mg/L kanamycin. The plates were sealed with parafilm 
and placed at 4°C refrigerator for 2 days. Then they were moved to the growth 
chamber and allowed to grow at 2 4 � C with 16 hour light/8 hour dark cycle. After 
about two weeks, most of the seeds germinated and grew to seedlings with 
considerable sizes. These plants were regarded as the Fi plants. 
For each F! plants, the number of seedlings showing deep green color and 
healthy growth, and that showing white color and retarded growth were recorded. 
Besides，3 seedlings from each of the F! plants were assayed by GUS staining. 
3.2.8 GUS assay 
GUS assay was carried out following the standard protocol described by 
Jefferson et al (1987). For Fo plants, small leaves from the shoots were excised at 
their petiole. For F, plants, the whole seedlings (about 4-5 cm including the roots) 
were used. These plant materials were put into an eppendorf tube containing 1 ml of 
GUS staining solution (100 mM sodium phosphate buffer, pH 7.5, 0.1% Triton X 
100，1 mM EDTA, 0.5 mM each of K3Fe(CN)6 and K4Fe(CN)6，and 0.5 mg/ml 
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X-gluc) and incubated at 37°C overnight. After the development of blue color, if any, 
1.2 ml of 75% ethanol was added to the plant materials to eliminate the interference 
of chlorophyll. The tubes were put on a rotator for one day. The de-chlorophyll plant 
materials were stored in 75% ethanol. 
3.2.9 Extraction of leaf genomic DNA 
Genomic DNA was isolated from tobacco leaf using the 
Cetyltrimethylammonium bromide (CTAB) method described by Doyle et al (1990). 
Three pieces of leaf discs cut out by pressing the mouth of an eppendorf tube against 
a tobacco leaf were ground in 600 [xl of 2% CTAB buffer (2% CTAB, 0.1 M 
Tris-HCl, pH 8.0，1.4 M NaCl, 20 mM EDTA and 0.2% P-mercaptoethanol) using 
sterile sand and glass rod. The homogenate was incubated at 6 0 � C for 40 minutes 
with periodic mixing. Chloroform/isoamyl alcohol mixture (24:1, v/v) (500 |il) was 
added and mixed with the homogenate followed by centrifugation at 14,000 rpm and 
4°C for 15 minutes. The aqueous layer (500 ^il) was transferred to a new eppendorf 
tube and mixed with 500 \xl of cold isopropanol. The mixture was kept at -20°C for 1 
hour and then centrifuged at 14,000 rpm and 4 � C for 20 minutes. The pellet was 
saved and washed with 75% ethanol. After 5 minutes of vacuum drying, the pellet 
was dissolved in 20 \xl distilled water and quantitated by OD260. 
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3.2.10 Extraction of total RNA from developing seeds 
Developing tobacco seeds were collected 20 days after flowering, when the 
phaseolin mRNA levels were the highest. The capsules containing developing seeds 
were placed on ice immediately after excision from the plants. Tobacco seeds 
isolated from the capsules were wrapped by a piece of aluminum foil and quickly 
frozen by liquid nitrogen and then stored at -80�C. All developing tobacco seeds 
were allowed to undergo one freeze-thaw cycle only. 
Total RNA was extracted from developing tobacco seeds by a small-scale 
protocol used by AHenbach et al (1989) to isolate total RNA from Arabidopsis 
thaliana leaves and developing siliques. For each sample, about 300 mg of 
developing tobacco seeds was ground in liquid nitrogen with a mortar and pestle into 
fine powder and quickly transferred to an eppendorf tube. RNA extraction buffer (0.1 
M Tris-HCl, pH 8.0, 0.1 M LiCl，0.1 M EDTA and 1% SDS) and phenol (300 i^l 
each) was added to the seed powder and the mixture was heated at 55°C for 15 
minutes. After the addition of 600 i^ l chloroform/isoamyl alcohol (24:1, v/v), the 
mixture was centrifuged at 10,000 rpm for 5 minutes at room temperature. The upper 
aqueous phase was transferred to a new eppendorf tube and the procedure of 
phenolrchloroformrisoamyl alcohol (25:24:1, v/v) extraction was repeated two times. 
The upper phase was saved and mixed with equal volume of 4 M LiCl, and kept at 
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4°C for 2 hours to overnight. The mixture was centrifuged at 14,000 rpm and 4 � C for 
10 minutes and the pellet was saved. The pellet was then resuspended in 200 \x\ of 2 
M LiCl and centrifuged at 14,000 rpm and 4 � C for 10 minutes. The pellet was 
resuspended in 250 jil diethylpyrocarbonate (DEPC)-treated water before 25 of 3 
M DEPC-treated sodium acetate (pH 5.0) and 500 of absolute ethanol was added. 
The resulting mixture was kept at -20�C for 2 hours to overnight. After 
centrifugation at 14,000 rpm and 4 � C for 10 minutes, the pellet was washed with 
750/0 ethanol twice and allowed to dry by standing on air in the RNA-free zone. 
3.2.11 Synthesis of DIG-Iabeled DNA and RNA probes 
An anti-sense digoxigenin (DIG)-labeled DNA probe was synthesized by a 
modified PGR (Chan, 2000) for use in Southern blot analysis. The first round PGR 
was carried out in a 50 |il reaction mixture containing 20 pg of DNA template 
(pBK/Phas-sp-MIH), 40 ng each of upper primer (5'-MIHP) and lower primer 
(3'-MIHPP), 5 of lOx PGR buffer, 1.5 mM MgCh, 0.08 mM for each of the 4 
dNTPs，and 5 units ofTaq DNA polymerase (Promega). The following PGR program 
was used: 9 4 � C for 5 min, 55 cycles of 9 4 � C for 30 sec, 5 7 � C for 1 min and 7 2 � C for 
7 min, followed by 1 cycle of 7 2 � C for 7 min. The amount of PGR product was 
quantitated by comparing the brightness of its band with that of the Low DNA Mass 
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Ladder (Gibco) after agarose (1.5 %) gel electrophoresis. In the second round PGR, 
the double-stranded MIH gene fragment produced by the first round PGR was used 
as the DNA template for the synthesis of DIG-labeled DNA probe. The 50 [i\ 
reaction mixture contained 100 ng of the first round PGR product, 100 ng of lower 
primer, 5 of lOx PGR buffer, 1.5 mM MgCh, 0.08 mM DIG-dNTP mixture (with 
DIG-dUTP), and 5 units of Taq DNA polymerase (Promega). The same PGR 
program for the first round PGR was used. The labeling efficiency of the DNA probe 
was estimated by a spot test with the DIG-labeled control DNA described in the 
manual for DNA Labeling Kit (Boehringer Mannheim). 
An anti-sense DIG-labeled RNA probe was synthesized by in vitro 
transcription for use in northern blot analysis. A transcription vector, pGEM/MIH, 
harboring the chimeric MIH gene (His-tag-EK-MIH) was linearized by EcoR I 
digestion and then used as the template for DIG-labeled RNA probe synthesis. The 
20 reaction contained 1 i^g of linearized pGEM/MIH, 2 |al of NTP labeling 
mixture (with DIG-UTP), 2 [i\ of lOx transcription buffer, 1 of RNase inhibitor 
and 40 units of SP6 RNA polymerase. After an incubation at 37°C for 2 hours, 20 
units of DNase I was added to the reaction for a further incubation at 37°C for 15 
minutes. Finally, 2 |il of 25 mM EDTA was added to stop the reaction mixture, 
which was then stored at -80°C. The labeling efficiency of the reaction was also 
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estimated by the spot test. 
3.2.12 Southern blot analysis of genomic DNA 
Genomic DNA (20 [ig) extracted from tobacco leaves was digested with 
Hind III，fractionated by electrophoresis on 0.7% agarose gel and transferred to a 
positively charged nylon membrane (Boehringer Mannheim) using the VacuGene XL 
vacuum blotting system (Pharmacia Biotech AB, Sweden). Hybridization of the 
genomic DNA fragments using the DIG-labeled DNA probe was carried out at 42�C 
for 16 hours in Church buffer (7% SDS, 50% formaldehyde, 5x SSC, 2% blocking 
reagent，50 mM sodium phosphate, pH 7.0, and 0.1% N-lauroylsarcosine). Detection 
was carried out with chemiluminescent substrate CSPD as described in the manual 
for DIG Luminescent Detection Kit (Boehringer Mannheim). 
3-2.13 Reverse transcriptase - polymerase chain reaction 
Total RNA (10 |ig) extracted from developing tobacco seeds was treated with 
1 unit ofRNase-free DNase I in a 10 |il reaction at room temperature for 15 minutes 
to remove any DNA contamination. This reaction mixture (2.2 ^1) was used to 
perform PGR using the 5'MIHP and 3'MIHPP as primers. This PGR ensured the 
absence of DNA contamination and served as a negative control for the subsequent 
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RT-PCR. Another 2.2 |il of the DNase I-treated RNA mixture was transferred to a 
new eppendorf tube containing 1 [i\ of 3'-MIHPP primer. It was heated at 70°C for 
10 minutes and then placed in ice immediately. The transgene mRNA in the mixture 
was reverse transcribed into single-stranded cDNA in a 12 reaction mixture 
containing 200 units of moloney murine leukemia virus (M-MLV) reverse 
transcriptase (Promega), 2.4 jal of M-MLV 5x reaction buffer, 0.8 mM for each of the 
4 dNTP, 16 units of RNasin RNase inhibitor (Promega) and 8 mM DTT. After 
incubation at 42°C for 1 hour, the whole reaction mixture (12 \i\) containing the first 
strand cDNA as template was used in the PGR reaction with 200 |ig each of the 5'-
primers (5'-SP30 and 5，-P30，shown in Fig. 12 on p.54, for MIH cDNA with and 
without, Phas-SP, respectively) and 3'-primer (3'MIHP). Synthesis of the second 
strand cDNA was performed by the following PGR program: 94°C for 5 min, then 30 
cycles of 94°C for 30 sec, 50°C for 30 sec and 72°C for 60 sec, followed by 1 cycle 
of 72°C for 7 min. 
3.2,14 Northern blot analysis of total RNA 
Total RNA (10 jig) from developing tobacco seeds was separated on 1% 
agarose/formaldehyde gel in Ix MOPS running buffer and transferred to positively 
charged nylon membrane (Boehringer Mannheim) using the VacuGene XL vacuum 
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blotting system (Pharmacia Biotech AB, Sweden). The RNA was fixed on the 
membrane by UV (254 nm) cross-linking. Hybridization of the transgene mRNA 
with the anti-sense DIG-labeled RNA probe was carried out at 68°C in Hybridization 
solution containing 5x SSC (750 mM NaCl, 75 mM sodium citrate, pH 7.0)，0.1% 
N-lauroylsarcosine, 0.02% SDS, 50% formamide and 1% blocking solution. The 
membrane was washed twice with 2x washing solution (2x SSC, 0.1% SDS) for 15 
minutes at room temperature, and again washed twice with 0.5x washing solution 
(0.5x SSC, 0.1% SDS) for 15 minutes at 68�C. Detection was carried out with 
chemiluminescent substrate CSPD as described in the manual for DIG Luminescent 
Detection Kit (Boehringer Mannheim). 
3,2.15 Protein extraction and tricine-SDS-PAGE 
Total seed proteins were extracted by grinding mature tobacco seeds (0.2 g) 
with mortars and pestles in 1 ml of protein extraction buffer (0.25 M NaCl, 0.05M 
sodium phosphate, pH 7.0) and quantitated by Bicinochoninic Acid (BCA) method 
using bovine serum albumin (BSA) as standard. The seed proteins (100-200 jig) 
were separated by 16.5% tricine-SDS polyacrylamide gel electrophoresis (PAGE) 
(Schagger et al” 1987). The gel was stained with Coomassie Brilliant Blue solution 
(0.25% Coomassie brilliant blue R-250, 45% methanol, 10% glacier acetic acid and 
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45% water) for 2 hours followed by destaining with a solution of 10% glacier acetic 
acid, 45% methanol and 45% water overnight. 
3.2.16 Purification of 6xHis-tag protein 
Mature tobacco seeds (0.3 g) were ground with 1.5 ml of Buffer B (8 M urea, 
0.1 M Na2HP04 and O.OIM Tris-HCl, pH 8.0) and the mixture was centrifuged at 
14,000 rpm for 10 minutes. The supernatant was transferred to a new eppendorf tube 
and filtered with 0.2 jim filter. This protein extract (600 }il) was added to a 
pre-equilibrated Ni-NTA (nickel-nitrilotriacetic acid) spin column (Qiagen) and 
centrifuged at 700x g for 2 minutes. The spin column was washed with Buffer C 
(same composition as Buffer B except pH = 6.3) followed by elution of desired 
proteins with 100 |al Buffer E (same as Buffer B except pH = 4.5) with centrifugation 
at 700x g for 2 minutes. The eluent can be further purified by running the eluent 
through a new Ni-NTA spin column once more. 
3.2.17 Western blot analysis 
Tobacco seed proteins (100-200 |ig) were separated by 16.5% tricine-SDS 
PAGE and transferred to PVDF membrane (Bio-Rad) by the Trans-Blot SD Semi-dry 
Transfer Cell (Bio-Rad) in the presence of a transfer buffer with 48 mM Tris-HCl, 39 
mM glycine, 0.0375% SDS and 20% methanol. The membrane was incubated in a 
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blocking buffer (58 mM NazHPOq，17 mM NaHjPCU，68 mM NaCl, 0.2% blocking 
reagent and 0.1% Tween 20) for 1 hour prior to incubation with the primary antibody 
for another hour. After washing with the blocking buffer, the membrane was 
incubated with the secondary antibody. Subsequent detection using the 
chemiluminescent substrate Star Light (ICN) was followed as described in the 
manual for the Aurora Western Blotting Kit (ICN). 
Four different primary antibodies were used to detect the presence of any 
recombinant MIH protein in the total seed protein extract. The first one was the 
anti-MIH-like polyclonal antiserum provided by Prof Piera Sun from the University 
of Hawaii. It contains rabbit IgG specific to the MIH-like protein of Penaeus 
vannamei. The second one was the anti-MIH polyclonal antibody specific to two 
forms of MIH protein in Metapenaeus ensis, namely MIHA and MIHB. These 
antibodies were produced by immunizing rabbits with purified recombinant MIH 
proteins synthesized by E. coli (Gu, P.L. et al, 2001). These antibodies were provided 
by Dr S. M. Chan from the University of Hong Kong. The third one was the anti-His 
monoclonal antibody available commercially from Clontech. This antibody is 
specific to proteins with four to six consecutive histidine residues (called his-tag) at 
either end. 
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3.2.18 In vitro transcription & translation 
3.2.18.1 Construction of transcription vector containing the 
chimeric MIH gene 
The overall strategy was to insert the chimeric MIH genes amplified by PGR 
into the multiple cloning site (MCS) flanked by two phage promotors, the T7 and 
SP6 promotors. As illustrated in Fig. 11，pBK/Phas-sp-MIH plasmid containing the 
chimeric MIH gene with Phas-SP was used as the template, while 5'-SP30 and 
3'-MIHP (Fig. 12) acted as the upper and lower primers, respectively, in the PGR. 
Other materials and conditions of the PGR were the same as described in Section 
3.2.4.1. The PGR product, MIH gene with Phas-SP was purified and digested with 
BamH I and Hind III followed by ligation into the MCS of pGEM-3Zf(+) plasmid. 
The resulting plasmid, pGEM/Phas-sp-MIH, can act as a transcription vector to 
produce mRNA for the chimeric MIH gene with Phas-SP. 
For the production of transcription vector pGEM/Phas-MIH, the chimeric 
MIH gene without Phas-SP was amplified by the same PGR reaction described above 
except using the plasmid pTZ/Phas-MIH as template and 5'-P30 as upper primer (Fig. 
12). The PGR product was digested with EcoR I and Hind III followed by ligation 
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” ——^——h—— 
, T 7 - p r o — MCS 一 SP6-pro 
Purified PGR product / \ 
I pGEM-3Zf(+) J 
BamH I + Hind III ^ ^ 
^ r 
BamH I + Hind III 
BamH I Hind III 
一 Phas-sp His-tag EK MIH-1 一 ， j 
I � •• • I L • I 
BamHI Hind HI 
Z — T7-pro — — SP6-pro 
< ( � 
I pGEM-3Zf(+) J 
Ligation 
，r 
BamH 1 Hind III 




T7-pro - Phas-sp-MIH 一 
Figure 11: Construction of pGEM/Phas-sp-MIH for in vitro transcription 
The chimeric MIH gene sequence in pBK/Phas-sp-MIH plasmid was amplified by 
PCR and then inserted into the multiple cloning site (MCS) of pGEM-3Zf(+) vector. 
The resulting transcription vector, pGEM/Phas-sp-MIH, was linearized by Hind III 
cut before in vitro transcription using T7 RNA polymerase. 
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5’-SP30 (34-mer): 5, - TCT AGG ATC CAT GAT GAG AGC AAG GGT TCC ACT C - 3， 
BamH I 
5，-P30 (34-mer): 5’ - TCT AGA ATT CAT GCA CCA TCA TCA TCA TCA TGA C 一 3’ 
EcoR I 
3，-MIHP (34 mer): 5，-ATA CAA GCT TTT AGG GAT AGC GCA GAA ATT TAG C - 3’ 
Hind III 
Figure 12: Sequences of primers used in construction of pGEM/Phas-sp-MIH and 






EcoRI 5� -P30 \ 5， 
5' \ 3'-MIHP Hind mi 
� ATGCACCATCATCATCATCATGAC 
3， TACGTGGTAGTAGTAGTAGTACTG 5’ 
P C R EcoRI Hind III 
J L 
• 广 T7-pro — MCS — SP6-pro ^^^^^^ 
Purified PCR product l y ^ pGEM-3Zf(+) j 
EcoR I + Hind III BamH I + Hind III 
EcoRI Hind III 
EcoRI Hind III 




EcoRl Hind HI 
T7-pro - 一 His-EK-MIH - - SP6-pro ^^ ^^ ^^ ^ 
Hind III 
\ pGEM/MIH / . Hind III 
\ J ； T7-pro - His-EK-MIH-1 一 
Figure 13: Construction of pGEM/MIH for in vitro transcription 
The chimeric MIH gene sequence in pTZ/Phas-MIH plasmid was amplified by PCR 
and then inserted into the multiple cloning site (MCS) of pGEM-3Zf(+) vector. The 
resulting transcription vector, pGEM/MIH, was linearized by Hind III cut before in 
vitro transcription using T7 RNA polymerase. 
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3.2.18.2 In vitro transcription 
Microgram amounts of sense mRNA of the chimeric MIH genes were 
synthesized by in vitro transcription using the Ribomax Large Scale RNA Production 
Systems (Promega). Five jug each of the transcription vectors, pGEM/Phas-sp-MIH 
and pGEM/Phas-MIH, were linearized by Hind III digestion and then added to a 100 
|il reaction mixture containing 20 )il of T7 transcription 5x buffer, 7.3 mM of each 
rNTP and 10 of T7 RNA polymerase enzyme mix. A control reaction using 1 |ig 
of linearized luciferase DNA template was also included. The reaction mixtures were 
incubated at 37�C for 3 hours. The quality and quantity of the synthesized RNA was 
shown by electrophoresis on 1% agarose/formaldehyde gel. 
3.2.18.3 In vitro translation 
The translatability of the mRNA of chimeric MIH genes was investigated 
using an in vitro translation system : the Wheat Germ Extract (WGE) System 
(Promega) that represents a plant translation system. Radioactive labeled 
35S-methionine was used for detection of any translation products. 
The reaction was carried out in a 50 [d reaction containing 2 |ag of RNA 
substrate, 25 jal of WGE, 0.08 mM amino acid mixture minus methionine, 25 i^Ci of 
^^S-methionine, 80 mM potassium acetate and 40 units of RNasin ribonuclease 
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inhibitor, and was incubated at 25°C for 120 minutes. A positive control reaction was 
included using 1 )ag of Brome Mosaic Virus (BMV) RNA as template. 
The translation product was separated by SDS-PAGE using 17% gel, which 
was then embedded between 2 pieces of cellophane paper and allowed to dry on air 
for 2 days. Detection was carried out by exposing a film on the gel for 3 days at 
-80�C. 
3.2.19 Particle bombardments 
MIH fragments without the stop codon were fused with the GUS reporter 
gene with its first ATG start codon removed (annotated as GUSn). These fusion 
chimeric genes driven by the CaMV 35S promoter were delivered into soybean and 
tobacco leaves by particle bombardment. The transient expression of these fusion 
chimeric genes was detected by GUS assay. 
3.2.19.1 Construction of M I H - G U SN fusion chimeric genes 
Three fragments for each of the native and codon-modified MIH genes were 
produced by PGR using eight different primers (Fig. 14-16). The first fragments, 
OMl and MMl for the native and modified MIH gene respectively, contain the full 
length of MIH gene with the first ATG start codon retained and the TAA stop codon 
removed. The second fragments, 0M2 and MM2, contain the MIH fragments 
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extending from the first ATG start codon inclusively to the second ATG codon 
exclusively. The third fragments, 0M3 and MM3，contain the foil length of MIH 
genes with the first ATG start codon and TAA stop codon removed. As illustrated in 
Fig. 15 & 16，pBK/Phas-sp-MIH plasmid containing the native MIH gene, and 
pUC18/MIHm containing the codon-modified MIH gene, were used as the template 
in the PCR. Primer pairs of 5 ' -0Ml/ and 3，-0Ml，5'-0Ml and 3'-OM2, and 
5'-OM3 and 3，-0Ml were used as the upper and lower primers in the PCR of native 
MIH fragments OMl, 0M2 and 0M2，respectively, and similarly in the PCR of 
modified MIH fragments. Other materials and conditions of the PCR were the same 
as described in Section 3.2.4.1. The PCR products were purified and digested with 
Xba I and BamH I，followed by ligation into the pBI221 plasmid (Fig. 17). The 
resulting plasmids, PBI221/35S-MIH-GUSN, can act as an expression vector in plant 
tissues after particle bombardment. 
58 
5，-0Ml (26-mer): 5’- GC TCT AGA ATG GAC ACC TTC GAC CAC -3’ 
Xhol 
3，-OMl (26-mer): 5’- CG GGA TCC GGG ATA GCG CAG AAA TTT -3, 
BamH I 
3，-OM2 (26-mer): 5’- CG GGA TCC GAA CCT CTT ATT CAC GAA -3, 
BamH I 
5，-OM3 (26-mer): 5,- GC TCT AGA GAC ACC TTC GAC CAC TCC -3, 
Xhol 
5，-MMl (26-mer): 5’- GC TCT AGA ATG GAC ACC TTT GAT CAC -3' 
Xhol 
3'-MM1 (26-mer): 5'- CG GGA TCC TGG GTA TCT GAG AAA CTT -3' 
BamH I 
3'-MM2 (26-mer): 5'- CG GGA TCC GTG TCT GAG ATC AGC AAC -3' 
BamH I 
5，-MM3 (26-mer): 5’- GC TCT AGA GAC ACC TTC GAC CAC TCC -3, 
Xhol 
Figure 14: Sequences of primers used in the PGR of different MIH fragments. 
• The primers OM and MM were used for PGR of the native and modified MIH genes, 
respectively. The PGR products were then used in the construction of 
pBI221/35S-MIH-GUS vectors for particle gun bombardments. 
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Native MIH (in pBK/Phas-sp-MIH) 
ATG GAC ACC TTC GAC CAC TCC TGC AAG GGC 
ATC TAG GAC CGG GAG CTC TTC AGA AAG CTG 
GAC CGC GTC TGC GAG GAC TGC TAG AAC CTG 
TAG CGC AAG CCC TAC GTG GCC ACC GAG TGC 
AAG TCC AAT TGC TTC GTG AAT AAG AGG TTC 
AAT GTC TGT GTG GCT GAT CTC AGA CAT GAT 
GTC AGC CGC TTT CTG AAA ATG GCT AAA TTT 
CTG CGC TAT CCC TAA 
Fragment OMl (222bp^: 
Xbal BamHl 
\ (5，-0Ml) (3'-0Ml) ^ 
Fragment 0M2 (ISObp^: 
Xbal BamHl 
^ (5’-0Ml) 3，-OM2) f 
Fragment 0M3 f219bp): 
Xbal BamHl 
^ (5，-0M3) (3，-OMl) ~ f 
Figure 15: Construction of different native MIH fragments 
The native MIH gene had 5 ATG codons which were located at the beginning of the 
5'-end, at 152 bp, 185 bp, 188 bp and 199 bp downstream from the 5'-end. Fragment 
OMl was the full-length native MIH gene, while 0M2 was the fragment between the 
first ATG codons inclusively and the second ATG codon exclusively, and 0M3 was 
the full-length MIH fragment with the first ATG codon removed. 
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Modified MIH in (pUC18/MTHm) 
ATG GAC ACC TTT GAT CAC AGC TGC AAA GGC 
ATC TAG GAC CGG GAG CTC TTT AGG AAG TTG 
GAT AGA GTT TGC GAG GAC TGC TAC AAT CTT 
TAT AGA AAG CCT TAC GTT GCC ACC GAG TGC 
AAG TCC AAT TGC TTT GTT AAT AAG AGG TTC 
AAC GTG TGT GTT GCT GAT CTC AGA CAC GAT 
GTG TCT AGG TTC TTG AAA ATG GCT AAG TTT 
CTC AGA TAC CCA TAA 
Fragment MMl (222bp): 
Xbal BamH I 
\ (5MVIM1) (3，-MMl) , 
Fragment MM2 riTTbp): 
Xbal BamH I 
^ (5，-MMl) 3，-MM2) / 
Fragment MM3 (219bp^: 
Xbal BamH I 
^ ~ (5，-MM3) (3'-MMl) ^ 
Figure 16: Construction of different modified MIH fragments 
The codon-modified MIH gene had 3 ATG codons which were located at the 
beginning of the 5'-end, at 177 bp and 199 bp downstream from the 5'-end. Fragment 
MMl was the full-length modified MIH gene, while MM2 was the fragment between 
the first ATG codons inclusively and the second ATG codon exclusively, and MM3 







I MM3 ) 
CaMV35S pro ~ H H G U S N • N O S - t e r 
Xba I BamHl 
pBI221/GUS 
I 
CaMV 35S pro _ MIH fragment-GUSN NOS-ter 
• mmm mmmmmi 
PBI221/35S-MIH-GUSN 
� 
Figure 17: Construction of PBI221/MIH-GUSN expression vector 
The PCR products of MIH fragments OMl, 0M2, 0M3, MMl, MM2 and MM3 
were digested with Xba I and BamH I followed by ligation into the PBI221/GUSN 
plasmid digested by the same restriction enzymes. After ligation, the MIH fragments 
became fused with the GUSN gene because the latter lacked the A T G start codon. 
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3.2.19.2 Conditions of particle bombardment 
For the bombardments with PBI221/35S-MIH-GUSN plasmids, fresh 
soybean whole-leaf and tobacco leaf slices were used. Gold particle of 1.6 ^m in 
diameter was prepared and coated with plasmid DNA according to BioRad's protocol. 
Bombardments were performed using the Biolistic PDS-lOOO/He Particle Delivery 
System (BioRad) with the following parameters: 
Holder level: 2 
Sample level: 4 
Gap distance: 0.63 cm 
Target distance: 6 cm 
Helium pressure: 1100 psi 
Chamber vacuum: 27 inches Hg ( � 0 . 0 6 atm) 
DNA/bombardment: 833 ng 
Each tissue was placed on a support medium of 0.9% phytal agar and received two 
times of bombardment. After bombardment, the samples were incubated in a growth 
chamber at 25�C for 20 hours. GUS staining was then performed according to the 
protocol described in Section 3.2.8. 
3.2.20 Codon modification of MIH gene 
The codon usage of the original MIH-like cDNA were modified based on 
the preferred codons used in LRP (lysine-rich protein from winged bean) and PN2S 
(sulfur-rich 2S seed protein from Paradise nut), both of which were found to express 
at high levels (3-10% and 3-15% of total extractable seed proteins for LRP and PN2S, 
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respectively) in Arabidopsis (Cheng, 1999; Chen, 2000). The nucleotide sequences 
and codon usage tables for LRP and PN2S are shown in Fig. 18 and Fig. 19，and 
Tables 1 and Table 2，respectively. 
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1 幽G G T G T T T TCACATATGA GGATGAAACC ACTTCACCAG TGGCTCCTGC 
5 1 TATCCTTTAC AAAGCAATAG TTAAAGATGC TGATAACATC TTTCCAAAGG 
1 0 1 CTGTTGATTC CTTTAAGAGT GTTGAAATTG TTGAGGGAAA TGGTGGTCCT 
1 5 1 GGAACCATCA AGAAGATCTC TTTTGTTGAG GATGGGGAAA GCAAGTTTGT 
2 0 1 GTTGCACAAG ATTGAGTCAA TTGATGAGGC TAATTTGGGA TACAGCTACA 
2 5 1 GCATAGTTGG TGGTGCTGCT TTGCCAGACA CAGTGGAGAA GATTACATTT 
3 0 1 GAGTCCAAAT TGAGTGCTGG ACCTTCTGGA GGCTCTGTTG GGAAACTCAC 
3 5 1 TGTGAAATAC CAAACCAAAG GAGATGCTGA GCCCAATGAA GAGGAACTCA 
4 0 1 AAGTTGGCAA AGCCAAGGGT GATGCTCTCT TCAAGGCTGT TGAGGCTTAC 
4 5 1 CTTTTGGCCC ATCCTGAATA CAATTGA 
Figure 18: Nucleotide sequence of LRP cDNA 
The foil length of LRP cDNA is 477 bp. ATG and TGA (underlined) are the start and 
stop codons, respectively. 
1 ATGGCGAAGA TTTCTGTTGT GGCAGGAGCC CTCCTTCTCC TCCTGGTTCT 
5 1 CGGCCACGCC ACCGCCTTCC GGGCCACCGT CACCACCACA GTGGTGGAGG 
1 0 1 AGGAGAACCA GGATTGCCGC GAGCAGATGC AGAGACAGCA GATGCTCAGC 
1 5 1 CACTGCCGGA AGTACATGAG ACAGCAGATG GAGGAGAGCC CGTACCACAC 
2 0 1 CATGCCCAGG CGGGGAATGG AGCCGCACAT GAGCGAGTGC TGCGAGCAGC 
2 5 1 TGGAGGGGAT GGACGAGAGC TGCAGATGCG AAGGCTTAAG GATGATGATA 
3 0 1 AGGATGATGC AACGGGAGGA GCAACCCCGA GAGGAGCAGA AGCAAAGGAT 
3 5 1 GATGAGGATG GCCGAGAATA TCCCTTCCCG CTGCAACCTC AGTCCCCAGA 
4 0 1 GATGCCCCAT GGGTAGCTCC ATGGCCGGCT TCTGA 
Figure 19: Nucleotide sequence of PN2S cDNA 
The full length of PN2S cDNA is 435 bp. ATG and TGA (underlined) are the start and 
stop codons, respectively. 
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Table 1: A summary of codon usage in LRP 
Codon Count Codon Count k Codon Count k Codon Count H 
TTT-Phe 5 3.1 ~ TCT-Ser 3 1.88 TAT-Tyr 1 0.62 TGT-Cys 0 0.00 
TTC-Phe 2 1.25 TCC-Ser 2 1.25 TAC-Tvr 6 S.Tt" IGC-CVS 0 0.00 
TTA-Leu 0 0.00 TCA-Ser 2 i .25 TAA-*** 0 0.00 TGA-«** 1 0.62 
TCG-Ser 0 0.00 TAG-*** 0 0.00 TGG-Trp 0 0.00 
CTT-Leu 2 1.25 CCT-Ptio 4 2.51 CAT-His I 0.62 CGT-Arg 0 0 . 0 0 
CTC-Leu 3 1.88 CCC-Piio 1 0.62 CAC-His 1 0.62 CGC-Arg 0 0.00 
CTA-Leu 0 0.00 CCA-Pro 3 1.88 DAA-Gln 1 0.62 CGA-Arg 0 0.00 
CTG-Leu 0 0.00 CCG-Pno 0 0.00 |CA&-Gln 0 0.00 CGG-Arg 0 0.00 
ATT-Iie 4 2.51 iCT-Thr 2 1.25 �UT-Asn 4 2 . 5 1 AGT-Ser 2 1 . 2 5 
ATC-Ile 4 2.51 iCC-Thr 3 1.88 fUC-isn 1 0.62 AGC-Ser 3 1.88 
ATA-lie 2 1.25 ACA-Thr 3 1.88 iUU-Lys 8 5.03 AGA-Arg 0 0.00 
ATG-Het 1 0.62 ACG-Thr 0 0.00 AAO-Lys 9 5.66 AGG-Arg 0 0.00 
GTT-Val 10 6 . 2 8 " GCT-Ala 12 7..54— GAT-Asp 8 5 . 0 3 " &GT-Gly 6 3 .77"1 
CTC-Val 0 0.00 CrCC-Ala 2 i .25 GAC-Asp i 0.62 GGC-Gly 2 1 . 2 5 | 
GTA-Val 0 0.00 GCA-Ala 1 0.62 GAA-Glu 6 3.77 jl^di-^ly 6 s ! *??! 
CTG-Val 4 2.51"" ^CCr-Ala Q O.OCi SACt-GIu 10 6.28 pGG-Gly 2 丄.25 
The full length of LRP cDNA is 447 bp with 159 codons and 43.6% G+C content. 
The favored codons for each amino acid are boxed. 
Table 2: A summary of codon usage in PN2S 
Codon Count % Codon Count % Codon Count h Codon Count H 
TTT-Phe 0 Q.00~ TCT-Ser I 0.68 TAT-Tyr 0 0.00 TGT-Cys 0 Q.QQ “ 
TTC-Phe 2 T W TCC-Ser 2 1.37 TAC-Tvr 2 T T T S .、M 
TTA-Leu 1 0.68 TCA-Ser 0 0.00 TAA-*** 0 0.00 TGA-*** i 0.68 
TTG-Leu 0 0.00 TCG-Ser 0 0.00 TAG-*** 0 0.00 TGG-Trp 0 0.00 
CTT-Leu 1 0.68 “ CCT-Pro 1 0 .68~ CAT-His 0 0.00 CGT-Arg 0 0 . 0 0 
CTC-Leu 6 4 . 1 3 ^ CCC-Pro 4 z T l ^ c X T ^ i s 4 2.75 CGC-Arq 2 1.37 
. CTA-Leu 0 0.00 CCA-Pro 0 0.00 CAA-Gln 3 2.06 CGA-Arg i 0.68 
CTG-Leu 2 � . 3 7 CCG-Pco 2 1.37 CAG-Gin l6 6 . ^ 9 " CGG-Arg 4 2.75 
ATT-He i 0 .68 ACT-Thr 0 0.00 AAT-Asn 1 0.68 AGT-Ser 1 0.68 
ATC-Ile 1 0.68 ACC-Thr 5 3.44 ' UC-Asn 2 1.37 AGC-Ser 5 3 . 4 4 " 
ATA-He 1 0.68 ACA-Thr 1 0.68 AAA-Lys 0 0.00 AGA-Arg 4 2.75 
ATG-Het 18 12.41 ACG-Thr 0 0.00 AAG-Lys 3 2.06 AGG-Arg 5 3 .44 
GTT-Val 2 1.37 GCT-Ala 0 0.00 GAT-Asp I 0.68 GGT-Giy I~~0 .68 
GTC-Vai 1 0.68 GCC-Ala 6 4.13 ‘ GAC-Asp 1 0.68 GGC-Giy 3 2.06 
GTA-Vai 0 0.00 GCA-Aia i 0 .68 GAA-Glu 1 0.68 GGA-Giy 2 1,37 
GTG-Val 3 2.06 GCG-Ala 1 0.68 515-51u [& 1 1 . J G G G - G l y 1 0.68 
The full length of PN2S cDNA is 435 bp with 145 codons and 60% G+C content. 
The favored codons for each amino acid are boxed. 
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The codons for each amino acid are ranked in priority according to their 
frequency of usage in the LRP and PN2S (Table 3). It is assumed that the most 
frequently used codons for each amino acid are the most favored ones. The codon 
usage in the chimeric MIH protein without the phaseolin signal peptide is modified 
according to the following criteria: 
(1) Unfavored codons in the original MIH cDNA are changed to the corresponding 
favored codons. 
(2) For each amino acid, the first priority codons are the most frequently used, 
followed by the second priority and so on. 
(3) Different synonymous codons are used for identical amino acid residues that are 
consecutive or a few residues apart. 
(4) Codons that are GC-rich are preferred when there are two or more codons in the 
same priority. 
The modified MIH gene (Fig. 20) was synthesized by IDT, Inc. Two 
modified chimeric MIH genes were constructed: one containing the intact MIH-like 
gene and the other with a His-tag and Enterokinase site at the 5'-end of the MIH-like 
gene. The first construct was obtained by removing the His-tag and EK site with Xho 
I restriction cutting from the synthetic MIH genes. Each of the two constructs was 
placed under the control of the CAMV 35S promotor and the phaseolin promotor, 
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and were transferred into Arabidopsis via Agrobacterium-mQ6\dXQ<\ transformation. 
The expressions of the two gene constructs will be analyzed. 
A summary of the changes in the modified MIH gene from the original one 
is shown in Table 4-7. 
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Table 3: A summary of favored codons in LRP and PN2S. 
Amino acid priority priority — priority 
Ala — G ^ G ^ -
~ Arg CGG/AGG/AGA CGC -
Asn AAT/AAC - -
一 Asp GAT GAC ‘ - _ 
Cys “ TGC - — -
Gin CAA CAG -
一 Glu GAG GAA - “ 
— G l y 一 GGC / GGA GGT GGG 
His “ CAC - -
— l i e “ ATT/ATC ATA -
“ Leu CTC TTG CTT / CTG “ 
“ Lys “ AAG / AAA - -
Met ATG — - -
~ Phe 一 TTT/TTC - -
— Pro CCT / CCC — CCA CCG 
— S e r “ AGC ~AGT / TCT / TCC TCA 
~ Thr " ACC ACA ACT _ 
~ Trp " TGG - — -
Tyr TAC — - -
— Val GTT GTG -
The codons in the priority are the ones that appear the most frequently in the LRP 
and PN2S, the priority second frequently and so on. 
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Kpn I Acc I Xho I 
5 ‘ - GGTAC CGTCT ACCTC GAGAT GCACC ATCAC 
CATCA CCATG ATGAC GATGA TAAAC ICGAG Xho I 
ATGGA CACCT TTGAT CACAG CTGCA AAGGC 
ATCTA CGACC GGGAG CTCTT TAGGA AGTTG 
GATAG AGTTT GCGAG GACTG CTACA ATCTT 
TATAG AAAGC CTTAC GTTGC CACCG AGTGC 
AAGTC CAATT GCTTT GTTAA. TAAGA GGTTC 
AACGT GTGTG TTGCT GATCT CAGAC ACGAT 
GTGTC TAGGT TCTTG AAAAT GGCTA AGTTT 
CTCAG ATACC CATAA GTATA CGGAT CC - 3 ' 
Acc I BamH I 
Figure 20: Nucleotide sequence of the modified MIH gene (297 bp) 
Bases that have been changed to optimized codon usage are shaded (39 bases). 
The start and stop codons are underlined. The main restriction sites are bolded. 
The His-tag and EK site sandwiched between the two Xho I sites can be 
removed by restriction digestion. 
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Table 4: A comparison in the base composition of the original and modified 
MIH genes 
„ Original MIH Modified MIH Modified MIH 
Base 
(222 bp) without His-tag (222 bp) w/ His-tag (267 bp) 
A 23.4% (52) 26.6% (59) 28.5% (76) 
T 23.4% (52) 28.8% (64) 27.3% (73) 
G 24.8% (55) 24.3% (54) 22.8% (61) 
C 28.4% (63) 20.3% (45) 21.4% (57) 
A/T 46.8% 55.4% 55.8% 
G/C 53.2% 44.6% 44.2% 
Table 5: Codon usage of the original MIH-like gene 
Cocicm Count: H ICodon Count k [Codon Count h ICodon C o ^ ^ H 
" ^-Phe 2 2 . 7 0 TCT-Ser 0 o T o c T TAT-Tyr 1 r735~TGT-Cys I T T W 
TTC-Phe 4 5.40 TCC-Ser 2 2.70 TAC-TVr 4 5.40 TGC-Cys 5 6.75 
TTA-Leu 0 0.00 TCA-Ser 0 0.00 TAA-*** 0 0.00 TGA-*" 0 0.00 
TTC-Leu 0 0 .00 TCG-Ser 0 0.00 TAG � * 0 0 .00 TGG-Trp 0 0.00 
C"n"-Leu 0 ~ 0 . 0 0 CCT-Pro 0 0 . 0 0 CAT-His 1 1.35 CGT-Arg 0 
CTC-Leii 2 2 .70 CCC-Pro 2 2.70 CAC-His 1 1.35 CGC-Arg 4 5.40 
CTA-Leu 0 0 .00 CCA-Pro 0 0.00 CM-Gin 0 0.00 CGA-Arg 0 0.00 
CTG-Leu 4 5.40 CCG-Pro 0 0.00 CAG-Gln 0 0.00 CGG-Arg 1 1.35 
ATT-Ile 0 0 .00 ACT-n-ir 0 0.00 AAT-Asn 3 4.05 AGT-Ser 0 0.00 
ATC-Ile 1 1 .35 ACC-Thi: 2 2.70 AAC-Asn 1 1.35 AGC-Ser 1 1.35 
ATA-Ile 0 0 .00 ACA-Thr 0 0.00 .UA-Lys 2 2.70 AGA-Arg 2 2.70 
ATG-Het 2 2.70 ACG-Thr Q 0.00 AAG-Lys 5 6 .75 AGG-Atg 1 1.3S 
GTT-Val 0 0 . 0 0 GCT-Aia 2 2 . 7 0 GAT-Asp 2 2 . 7 0 GGT-Giy 0 o T o T " 
GTC-Val 3 4 .05 GCC-Ma 1 1.35 GAC-Asp 5 6.75 GGC-Gly 1 1.35 
GTA-Val 0 0 .00 GCA-Aia 0 0.00 GAA-Giu 0 0.00 GGA-G � y 0 0.00 
GTC-Val 3 4 .05 [GCG-Ala Q 0.00 GAG-Glu 3 4 .05 GGG-Gly 0 o.OO 
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Table 6: Codon usage of the modified MIH-like gene without His-tag and 
EK site 
Codon Count h Codon Count % [Codon Count H ICodon Count % 
T^-Phe 4 5 . 4 0 TCT-Ser I O F " TAT-Tyr I T W TGT-Cys 1 ~ 1 7 5 ^ 
TTC-Phe 2 2.70 TCC-Ser i 1.35 TAC-Tyr 4 5.40 TGC-Cys 5 6.75 
TTA-Leu 0 0.00 TCA-Ser 0 0.00 TAA-»»* 0 0.00 0 0.00 
TTG-Leu 2 2.10 TCG-Ser 0 0.00 TAG-»«« 0 0.00 TGG-Trp 0 0.00 
CTT-Leu 1 1.35 CCT-Pro i i .35 CAT-His 0 0.00 CGT-Arg 0 0.00 
CTC-Leu 3 4.05 CCC-Pco 0 0.00 CAC-His 2 2.70 CGC-Arg 0 0.00 
CTA-Leu 0 0.00 CCA-Pro i i.3S CAA-Gin 0 0.00 CGA-irg 0 0.00 
CTG-Leu 0 Q.QQ CCG-Pro 0 0.00 CAG-Gln 0 0.00 CGG-Arg 1 I . 3 5 
ATT-Ile 0 0.00 ACT-Thr 0 0.00 AAT-Asn 3 4.05 AGT-Ser 0 0.00 
ATC-Ile 1 1.35 ACC-Tin 2 2.70 AAC-Asn 1 1.35 AGC-Set 1 1 . 3 5 
ATA-Ile 0 0.00 ACA-Tht 0 0.00 AAA-Lys 2 2.70 A&A-Arg 4 5.40 
ATG-Het 2 2.70 ACG-Thr 0 0.00 AAG-Lys 5 6.75 AGG-Atg 3 4.05 
GTT-Val 4 5.40 GCT-Ala 2 2.70 GAT-Asp 4 5.40 GGT-Gly 0 0.00 
GTC-Val 0 0.00 GCC-Ala i 丄.35 GAC-Asp 3 4.05 GGC-Gly i 1 . 3 5 
GTA-Val 0 0.00 GCA-Ala 0 0.00 GAA-Glu 0 0.00 GGA-Giy 0 0.00 
GTG-Val 2 2.70 [GCG-Ala 0 0.00 GAG-Glu 3 4.05 GGG-Gly 0 0.00 
Table 7: Codon usage of the modified MIH-like gene with His-tag and EK site 
Codcm Count 、 Codon Count [Codon Count I Icodon Count I 
TVT-?he 4 4 . 4 9 TCT-Ser I " " " 1 7 1 7 " TAT-TVr I""“T7i2~ TGT-Cys I ~ ~ T I F 
TTC-Phe 2 2.24 TCC-Ser 1 1.12 TAC-Tyr 4 4.49 TGC-Cys 5 5.61 
TO-Leu 0 0.00 TCA-Sei; 0 0.00 Tkk-卞 ** 1 1.12 0 0.00 
TTG-Leu 2 2.24 TCG-Ser 0 0.00 TAG-*** 0 0.00 TGG-Trp 0 0.00 
CTT-Leu 1 ~ 1 . 1 2 CCT-Pro 1 ~ 1 . 1 2 CAT-His 3 T T P T CGT-Arg 0 o T o f 
CTC-Leu 4 4.49 CCC-Pro 0 0.00 CAC-His 5 5.61 CGC-Arg 0 0.00 
CTA-Leu 0 0.00 CCA-Pro 1 1.12 CAA-Gin 0 0.00 CGA-Arg 0 0.00 
CTG-Leu Q 0.00 CCG-Pro 0 0.00 CAG-Gln 0 0.00 CGG-Arg 丄 1.12 
0 ~ 0 . 0 0 ACT-Thr 0 0 . 0 0 AAT-Asn 3 ~ 3 . 3 7 AGT-Ser 0 o T o T " 
ATC-Ile 1 1.12 ACC-Thr 2 2.24 AAC-Asn 1 1.12 AGC-Ser i 1.12 
ATA-Ile 0 0.00 ACA-Thr 0 0.00 AAA-Lys 3 3.37 AGA-Arg 4 4 . 4 9 
ATG-Het 3 3.37 ACG-Thr 0 0.00 AAG-Lys 5 5.61 AGG-Arg 3 3.37 
GTT-Val 4 4 . 4 9 GCT-Ala 2 2 . 2 4 GAT-Asp 7 T T i i " GGT-Gly 0~~ 
GTC-Val 0 0.00 GCC-Ala 1 1.12 GAC-Asp 4 4.49 GGC-Gly 1 1.12 
GTA-Val 0 0.00 GCA-Ala 0 0.00 GAA-Glu 0 0.00 GGA-Giy 0 0.00 
GTC^-Val 2 2.24 [CCG-Ala Q Q.QQ GAG-Glu 4 4.49 GGG-Gly 0 0.00 
72 
3.3 Results 
3.3.1 Construction of chimeric MIH genes 
Using the strategy and methods described in Section 3.2, two chimeric MIH 
genes differed in directing the protein products to different cellular locations were 
constructed and then cloned into the binary vector pBI121 for 
Agrobacterium-mQdmtQd. transformation. DNA sequencing results have confirmed 
that the chimeric MIH genes in the pBI121/Phas-sp-MIH and pBI121/Phas-MIH 
plasmids were correct in sequence and in frame. 
3.3.2 Tobacco transformation, selection and regeneration 
The two chimeric MIH genes were introduced into tobacco genome by 
Agrobacterium-mQdidXQd transformation. A pBI121 plasmid containing no insert of 
target gene was also used to transform tobacco to serve as a vector-only control. For 
leaf slices transformed with pBI121/Phas-sp-MIH and pBI121/Phas-MIH plasmids, 
all 35 leaf slices for the former and 32 out of 35 for the latter had calli formed. 
However，no calli were formed for the pBI121 vector-only control. A second-round 
transformation was performed for pBI121 vector-only control and 10 out of 20 leaf 
slices had calli formed. Fifteen well-formed and healthy-looking tobacco shoots for 
each chimeric MIH gene construct, and 2 for the pBI121 vector-only control, were 
excised and transferred to rooting media (Fig. 21). 
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3.3.3 Detection of GUS activity 
GUS assays were performed for leaves and whole plant of the Fo plants and 
for seedlings of the Fi plants. For the Fo plants transformed with 
pBI121/Phas-sp-MIH (labeled as Msp) and pBI121/Phas-MIH (labeled as M) 
plasmids, 10 out of 15 for transformants Msp, and 7 out of 15 for transformants M 
showed positive result, although with different blue color patterns (Fig. 22). A whole 
Fo plant was also stained with GUS solution and it revealed a systemic expression of 
GUS gene in the plant (Fig. 23). The leaves from the two vector-only control plants 
also showed positive result. In contrast, no blue color appeared on the wild type 
tobacco leaves in the GUS assay. This indicates that the GUS marker gene was 
transferred and active in the plants. All GUS-positive plants were transferred to soil 
and allowed to grow in the greenhouse. 
Seedlings germinated from the seeds of the Fo plants were also assayed with 
GUS staining. Most of the seedlings showed blue color in every part of the plants, 
revealing the systemic expression of GUS gene (Fig. 24). Some of the Fi seedlings, 
together with all wild type seedlings, showed no blue color. This may be due to the 
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Figure 21: Selection and regeneration of transformed tobacco plants 
A: About two weeks after the tobacco leaf discs were incubated with Agrobacteria, 
calli formed around the wounded leaf discs in MS complete medium (agar). 
B: The calli differentiated into leaves and shoots after being transferred to shoot 
regeneration medium. 
C: Tobacco explants with shoots and leaves differentiated from the calli. 
D: Roots formed at the base of the shoot after the explant was transferred to root 
regeneration medium. 
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Figure 22: GUS staining of tobacco leaves from the wild type and F© transgenic 
plants. 
Fresh tobacco leaves were put into GUS staining solution and incubated at 37°C 
overnight. Green chlorophyll background was removed by 75% ethanol. The blue color 
stained on most of the transgenic tobacco leaves but not on the wild type one suggests 
the successful integration of the GUS marker gene, and very likely together with the 
target gene, into the plant genome. 
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Figure 23: Whole-plant GUS staining of the FQ transgenic tobacco 
plant 
Blue color appeared virtually in every part of the plant, indicating a 
systemic expression pattern of the GUS gene. The blue color was more 
intense around the wounds in the shoot, suggesting the difficulty for 
GUS solution to penetrate the shoots. 
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Figure 24: Gus assay of Fi seedlings 
Most of the Fi seedlings showed blue color in every part of the plant, 
indicating a systemic expression pattern of the GUS gene. 
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3.3.4 Southern blot analysis 
While the resistance to kanamycin and positive GUS staining indicates the 
presence and expression of the NPT II and GUS genes, respectively, in the 
transformed tobacco plants, the integration of the chimeric MIH genes were 
confirmed by Southern blot analysis. Genomic DNA extracted from all of the 
transgenic plants (Fig. 25) and wild type tobacco was digested with Hind III，which 
would excise the target gene in the T-DNA transferred into the plant genome. The 
target gene includes the phaseolin promotor, the phaseolin signal peptide for the 
transformants Msp only, a His-tag, an EK site, the MIH gene and the phaseolin 
terminator, and was approximately 2.8 kb in size. Using the translated region of the 
MIH-1 gene as the probe, a 2.8 kb fragment of expected size was detected in 
transformants Msp-1, 3，4，7，9 and 10 (Fig. 26)，and in transformants M-2 to M-7 
(Fig. 27). This indicates the presence of MIH gene in the transgenic plants' genome. 
No band was detected in wild type and pBI121 vector-only control. Possible DNA 
rearrangement may occur in Msp-2, 6 and 8，as the sizes of their bands deviated 
significantly from that of the positive control. 
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Figure 25: Genomic DNA extracted from tobacco leaves by CTAB method. 
Lane 1: Ikb MW marker; 
Lanes 2-11: Genomic DNA from transformants Msp-1 to Msp-10. 
Lane 12: High MW marker (Hind m digested X DNA); 
Lanes 13-19: Genomic DNA from transformants M-1 to M-7. 
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Figure 26; Southern-blot analysis of genomic DNA from transformants Msp 
Genomic DNA extracted from tobacco leaves was digested with Hind III and 
separated on a 0.7% agarose gel (lower picture). The digested DNA was 
transferred to a positively charged nylon membrane and hybridized with a 
DIG-labeled DNA probe. Bands with expected size of the transgene were 
detected (upper picture). 
Lane 1: DIG-labeled DNA MW Marker m (Boehringer); 
Lane 2: the positive control using 10 ng of pBK/Phas-sp-MIH plasmid digested 
with Hind m； 
Lane 3: Wild type tobacco DNA; 
Lane 4: pBI121 Vector-only control; 
Lanes 5 to 14: transformants Msp 1 to 10. 
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Figure 27: Southern-blot analysis of genomic DNA from transformants M 
Genomic DNA extracted from tobacco leaves of transformants M was digested 
with Hind HI and separated on a 0.7% agarose gel (lower picture). After 
hybridization and detection, bands with expected size of the transgene were 
detected (upper picture). 
Lane 1: DIG-labeled DNA MW Marker m (Boehringer); 
Lane 2: the positive control using 10 ng of pTZ/Phas-MIH plasmid digested 
with Hindffl; 
Lane 3: Wild type tobacco DNA; 
Lane 4: pBI121 Vector-only control; 
Lanes 5 to 11: transformants M 1 to 7. 
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3.3.5 Detection of MIH transcript in transgenic tobacco 
The phaseolin promotor has been shown to be active in seeds only during 
the mid- to late-stage of transgenic tobacco seed development (Williamson et al” 
1988). Hence, developing tobacco seeds were harvested 20 days after flowering 
when the mRNA levels were the highest. Total RNA was extracted to analyze the 
transcription of the chimeric MIH genes by RT-PCR and northern blotting. 
3.3.5.1 RT-PCR 
Total RNA was first treated with DNase I to remove any DNA 
contamination in order to avoid false positive results in PGR. It was then used as the 
template for direct PGR and for reverse transcription followed by PGR (Fig. 28). 
Since RT-PCR acted only as a preliminary test for the presence of gene transcript in 
seed total RNA, only three RNA samples from transformants Msp-1, Msp-4 and M-4 
were chosen. If gene transcripts were detected in RT-PCR, northern blot will be 
performed on all transgenic samples. The results showed that PGR products of about 
350 bp and 250 bp, which were the expected sizes of chimeric MIH genes in 
transformant Msp (with Phas-SP, 78 bp in size) and M (without Phas-SP), 
respectively, were detected in transformants Msp-1, Msp-4 and M-4, but not in the 
wild type. This result indicates that the chimeric MIH gene transcripts were present 
in the developing seeds of transgenic tobacco. 
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300 bp 
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M -ve WT Msp-1 Msp-4 M-4 
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Figure 28: RT-PCR of total RNA from developing tobacco seeds. 
Total RNA was first treated with DNase I to digest any contaminated DNA. 
Then half of the treated RNA was directly used as template in PGR (labeled as 
“D’，)，while the other half was used in reverse transcription using Moloney 
murine leukemia virus (M-MLV) reverse transcriptase followed by PGR 
(labeled as "D+RT"). The two specific up-primers used in PGR were 5'-SP30 
for transformant Msp RNA and 5’-P30 for transformant M RNA. 
M: 100-bp MW marker; 
-ve: negative control of PGR without addition of template; 
WT: wild type; 
Msp-1 and Msp-4: pBI121/Phas-sp-MIH transgenic tobacco; 
M-4: pBI121/Phas-MIH transgenic tobacco. 
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Figure 29: Northern blot analysis of total RNA from developing tobacco seeds. 
Total RNA (10 fig) extracted from developing tobacco seeds was separated on 1% 
.agarose/formaldehyde gel (lower photo), then transferred to nylon membrane and 
hybridized to the DIG-labeled MIH anti-sense RNA probe. 
Lane 1: RNA marker (0.28-6.58kb, Promega); 
Lane 2: 200 ng of sp-MIH RNA (367 bases) synthesized by in vitro transcription of 
pGEM/sp-MIH plasmid; 
Lane 3: Blank; 
Lane 4: 100 pg of sp-MIH RNA (positive control); 
Lane 5: wild type; 
Lane 6: vector-only control (pBI121 plasmid); 
Lanes 7-14: transformants Msp-1, 3，4 and 7，and M-1, 2, 3 and 4，respectively. 
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3.3.5.2 Northern blot analysis 
Total RNA extracted from developing tobacco seeds was separated on 1% 
agarose/formaldehyde gel, transferred to nylon membrane and hybridized with the 
DIG-labeled MIH-specific anti-sense RNA probe synthesized by in vitro 
transcription of pGEM/MIH plasmid (Fig. 13). The result (Fig. 29) indicates the 
presence of chimeric MIH gene transcripts in transformants Msp-1, Msp-4, Msp-7, 
Msp-9, M-2, M-3 and M-4, but not in the wild type, vector-only control and M-1. 
The relative abundance of the MIH transcripts varied slightly in different 
transformants, with the most abundant in Msp-4, the least in M-2, and absent in M-1 
(MIH transgene was not detected in M-1 by Southern blot analysis, Fig. 27). 
3.3.6 Detection of MIH protein by Tricine-SDS-PAGE 
Tricine-SDS-PAGE was used to analyze the protein profiles of mature 
.tobacco seeds. Total protein was extracted from mature tobacco seeds and 
fractionated on a 16.5% tricine-SDS polyacrylamide gel (Fig. 30). The recombinant 
MIH polypeptide, with a molecular weight of 12 kDa, could not be clearly seen at the 
expected position. This may be due to the low accumulation levels of the MIH 
protein. Besides, the native tobacco proteins may mask the MIH protein. 
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Figure 30: Tricine-SDS PAGE analysis of total seed proteins from 
the wild type and transgenic tobacco plants. 
Total seed protein was extracted from mature seeds of wild type and 
transgenic tobacco. Protein (150 ^ig) was run on 16.5% tricine-SDS 
polyacrylamide gel (with P-mercaptoethanol) and stained with 
Coomassie Brilliant Blue. 
M: Wide-range protein marker (Sigma); 
WT: wild type; 
Transformants Msp & M: tobacco transformed pBI121/Phas-sp-MIH 
and pBI121/Phas-MIH respectively. 
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3.3.7 Detection of MIH protein by western blot analysis 
Western blot analysis was performed to detect any MIH protein in the mature 
seeds of transgenic tobacco. Three primary antibodies have been used: the Anti-MIH 
antibody (from Prof. Piera Sun), the monoclonal Anti-His antibody (Clontech), and 
Anti-MIHA and Anti-MIHs (from Dr. S.M.Chan). 
3.3.7.1 Western blot analysis using Anti-MIH antibody 
Total seed protein samples from wild type and transgenic tobacco plants 
were run on 16.5% tricine-SDS polyacrylamide gel and transferred to PVDF 
membrane by Semi-dry electroblotting. After blocking for 1 hour, the PVDF 
membranes were incubated with 1:5000 Anti-MIH antibody (from Prof. Piera Sun) 
solution for 1 hour. Although the results (Fig. 31) revealed a band of strong signal in 
all samples, its size (-18 kDa) is inconsistent with that of the expected MIH protein 
. (12 kDa). Moreover, the wild type and pBI121 vector-only control also had this 
signal. Therefore, this signal was likely due to the cross-reactivity of the Anti-MIH 
antibody with one of the native tobacco seed proteins. 
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Figure 31: Western blot analysis of total seed protein from wild type and 
transgenic tobacco plants using Anti-MIH antibody 
Total seed proteins from wild type and transgenic tobacco plants was run on 
16.5% tricine-SDS gel, then transferred to PVDF membrane by Semi-dry 
electroblotting at 18V for 2 hours. After blocking for 1 hour, the PVDF 
membranes were incubated with 1:5000 Anti-MIH antibody (from Prof. Piera 
Sun) solution for 1 hour. Detection was carried out using the AURORA kit 
and exposure to film for 45 minutes. 
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3.3.7.2 Western blot analysis using Anti-His antibody 
Total seed protein samples from wild type and transgenic tobacco plants on 
PVDF membrane were incubated with Anti-His monoclonal antibody (Clontech) for 
1 hour. After detection, the positive control (6xHis-tag protein ladder from Qiagen) 
showed strong signals, while no signal was detected in any of the tobacco seed 
protein samples (Fig 32). Since there were 25 ng of protein in each band of the 
6xHis-tag protein ladder, and 150 |Lig of proteins was used for each tobacco seed 
protein sample, the sensitivity of this analysis was at least equal to 25 ng / 150000 ng 
X 100% = 0.017%. This sensitivity is quite high indeed and the results suggest that 
the accumulation level of recombinant MIH protein was negligibly low. 
3.3.7.3 Western blot analysis using AHU-MIHA & ANTI-MIHB 
antibodies 
Total seed proteins from wild type and transgenic tobacco plants on PVDF 
membrane were incubated with Anti-MIHA (Msp samples) and Anti-MIHe (for M 
samples) for 1 hour. After detection, the positive controls (recombinant M I H A and 
M I H B proteins synthesized by transgenic E. coli) showed a strong signal with about 
14 kDa in size, which is approximately the size of the expected MIH protein (12 
kDa). There was a fairly strong additional signal in the positive controls with about 
25 kDa in size. This might be a non-specific signal because a polyclonal antiserum 
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was used for detection. Another possibility is that, based on the size of the additional 
signal ( � 2 5 kDa) being double of the MIH protein (-12 kDa), the signal may arise 
due to disulfide bond aggregation of the MIH protein which is quite rich in cystein 
(-10%). Apart from the positive control signals, however, only weak and irrelevant 
signals were detected in the tobacco seed protein samples (Fig. 33). 
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Figure 32: Western blot analysis of total seed protein from the wild type and 
transgenic tobacco plants using Anti-His monoclonal antibody 
Total seed proteins from wild type and transgenic tobacco plants were run on 
16.5% tricine-SDS gel, then transferred to PVDF membrane by Semi-dry 
electroblotting at 18V for 2 hours. After blocking for 1 hour, the PVDF 
membranes were incubated with 1:5000 Anti-His monoclonal antibody 
(CLONTECH) solution for 1 hour. Detection was carried out using the 
AURORA kit and exposure to film for 35 minutes. 
M: 6xHis Protein Ladder (QIAGEN) served as both marker and positive control. 
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Figure 33: Western blot analysis of total seed protein from the wild type 
and transgenic tobacco plants using Anti-MIHA (Picture A) and 
Anti-MIHB (Picture B) antibodies 
Total seed proteins from wild type and transgenic tobacco plants were run on 
16.5% tricine-SDS-PAGE, then transferred to PVDF membrane by Semi-dry 
electroblotting at 18V for 2 hours. After blocking for 1 hour, the PVDF 
membranes were incubated with 1:5000 Anti-MIHA or Anti-MIHe antibody 
(from Dr. S.M.Chan) solution for 1 hour. Detection was carried out using the 
AURORA kit and exposure to film for 20 minutes. The additional 25 kDa 
signal in the positive controls may be due to non-specific binding or disulfide 
bond aggregation of MIH protein. 
MIHA/MIHB： MIHA or MIHB polypeptide as positive control. 
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3.3.8 Purification of His-tag proteins by Ni-NTA column 
Failure of detection of recombinant MIH proteins in transgenic tobacco 
seeds may be due to the negligible accumulation levels of the proteins. If the protein 
was present at all, purification by Ni-NTA spin column which is specific for proteins 
bearing the 6xHis-tag may be able to concentrate the protein to a detectable level. 
Total seed proteins from wild type and transgenic tobacco plants were 
purified by Ni-NTA spin column either once or twice. The protein profile (Fig. 34) 
observed after electrophoresis on a 16.5% tricine-SDS polyacrylamide gel and 
Coomassie blue staining revealed concentrated bands of several proteins. The most 
concentrated bands had sizes larger than 20 kDa, while proteins with smaller 
molecular weight were relatively less abundant. Nevertheless, some relatively faint 
bands were found at the position (12 kDa) where the recombinant MIH proteins were 
expected to locate. 
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Figure 34 (on previous page): Tricine-SDS PAGE analysis of 
Ni-NTA-coIumn purified protein from the wild type and transgenic 
tobacco plants 
Total seed protein extracts from wild type and transgenic tobacco were allowed 
to run through the Ni-NTA spin column to which proteins bearing the 
6xHis-tag moiety bind. Washing solution was then applied to remove 
undesired proteins. The 6xHis-tag labeled proteins were then eluted and 
collected (Picture A). The eluent was furthered purified by repeating the above 
procedure once (Picture B & C). Protein (100 ^ig) was run on 16.5% 
tricine-SDS polyacrylamide gel (with P-mercaptoethanol) and stained with 
Coomassie Brilliant Blue. 
96 
3.3.8.1 Western blot analysis of proteins purified by Ni-NTA 
column 
Western blot analysis using Anti-His antibody was used to detect the 
presence of recombinant MIH proteins in the tobacco seed proteins purified by 
Ni-NTA spin column. The method and conditions used were the same as described in 
Section 3.3.7.2. The result (Fig. 35) did not reveal any signals of 6xHis-tag proteins 
in the transgenic tobacco seed proteins but in the positive control (6xHis-tag protein 
ladder). 
When Anti-MIHA (used in Msp samples) and Anti-MIHs (used in M 
samples) antibodies were used, the results (Fig. 36) were approximately the same as 
the one using non-purified seed proteins (Fig. 33). Interestingly, a strong signal with 
molecular size of about 21 kDa was detected in each of the tobacco seed samples 
using Anti-MIHs (Fig. 33B), similar to the result using Anti-MIH antibody from Prof. 
• Piera Sun (Fig. 31). This suggests that the two antibodies may have the same 
specificity. 
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Figure 35: Western blot analysis of Ni-NTA-column purified seed protein from 
wild type and transgenic tobacco plants using Anti-His monoclonal antibody 
Seed proteins purified twice by Ni-NTA spin column were run on 16.5% 
tricine-SDS-PAGE, then transferred to PVDF membrane by Semi-dry 
electroblotting at 18V for 2 hours. After blocking for 1 hour, the PVDF membranes 
were incubated with 1:5000 Anti-His monoclonal antibody (Clonetech) solution for 
1 hour. Detection was carried out using the AURORA kit and exposure to film for 
15 minutes. 
M: 6xHis Protein Ladder (QIAGEN) served as both marker and positive control. 
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Figure 36: Western blot analysis of Ni-NTA-column purified seed protein from 
the wild type and transgenic tobacco plants using Anti-MIHA (Picture A) and 
Anti-MIHB (Picture B) antibodies 
Seed proteins purified twice by Ni-NTA spin column were run on 16.5% 
tricine-SDS-PAGE, then transferred to PVDF membrane by Semi-dry 
electroblotting at 18V for 2 hours. After blocking for 1 hour, the PVDF membranes 
were incubated with 1:5000 Anti-MIHA or Anti-MIHe antibody (from Dr. S.M. 
Chan) solution for 1 hour. Detection was carried out using the AURORA kit and 
exposure to film for 15 minutes. 
M I H A / M I H B : M I H A or M I H B polypeptide as positive control. 
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3.3.9 In vitro transcription and translation 
3.3.9.1 In vitro transcription 
The chimeric MIH genes have been cloned into pGEM-3Zf(+) vector with 
T7 and SP6 RNA polymerase promoter flanking its both ends. In vitro transcription 
using the Ribomax Large Scale RNA Production System (Promega) with T7 RNA 
polymerase has synthesized sense strand of MIH RNA (Fig. 37). The calculated sizes 
of the chimeric MIH gene transcript with and without Phas-SP sequence were 357 
and 264 bases, respectively. 
3.3.9.2 In vitro translation 
The translatability of the mRNA of chimeric MIH genes was investigated 
using the Wheat Germ Extract (WGE) System (Promega) as an in vitro translation 
system. A radioactively labeled amino acid, ^^S-methionine, was used for detection 
of any translation products. The translation products were separated by SDS-PAGE 
using 17% gel and detection was carried out by exposing a film on the dried gel for 3 
days at -80�C. The result revealed translation products with the expected sizes (Fig. 
38) 
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Figure 37: Synthesis of MIH mRNA by in vitro transcription. 
The DNA templates for mRNA synthesis, pGEM/sp-MIH and pGEM/MIH, 
were linearized by Hind III cut. Then they were incubated with T7 RNA 
polymerase and rNTP at 37°C for 4 hours. The reaction mixtures were run 
on 1% denaturing agarose /formaldehyde gel together with total RNA 
samples from developing tobacco seeds. 
Lane 1: RNA marker (0.28-6.58kb，Promega) 
Lanes 2 & 3: RNA synthesized from pGEM/sp-MIH and pGEM/MIH, 
respectively. The latter is smaller due to the absence of phaseolin signal 
peptide sequence. 
101 
1 2 3 
3 0 k D i B 
21 kD m ^ 
14 kD mn waif 
Figure 38: Synthesis of MIH polypeptide by in vitro translation. 
2fig of MIH mRNA synthesized by in vitro transcription was mixed with 
wheat germ extract, pre-charged tRNA and amino acids with radiolabeled 
S-methionine. The translation products were run on a 17% 
SDS-polyacrylamide gel. Sizes were indicated by fluorescent labels 
adhered to the corresponding positions of the Rainbow marker (Sigma). 
Lane 1: BMV RNA translation products (positive control) 
Lanes 2 & 3: Translation products of MIH mRNA with and without 
phaseolin signal peptide, respectively. 
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3.3.10 Particle bombardments 
3.3.10.1 Transient expression of MIH in soybean & tobacco leaves 
Delivery of the target gene into plant tissue by particle bombardment is a 
quick method to test the transient expression of a gene in that particular tissue. In this 
experiment, different MIH fragments were linked to the 5'-end of the GUSn gene to 
form fusion chimeric genes that were under the control of the CaMV 35S promoter. 
Apart from the target gene constructs, two controls were included in the experiments: 
the positive control which consisted of the normal GUS gene with ATG start codon 
driven by the 35S promoter, and the negative control which consisted of the GUSn 
gene without an ATG start codon at the 5’-end. After bombardments and GUS 
staining, the presence of blue spots on the leaves would indicate the expression of the 
genes. The results of particle bombardments on both soybean and tobacco leaves 
were similar (Fig. 39-41). While all the positive controls and all of the MIH 
• fragment-GUSN fusion constructs showed the presence of blue spots (i.e. positive 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 4 Discussion 
Among the different heterologous protein production systems available 
today, plants are particularly attractive as large-scale production systems for proteins 
because they can be grown easily and inexpensively in large quantities that can be 
harvested and processed with the available agronomic infrastructures. Moreover, 
plant systems can produce correctly folded eukaryotic proteins and perform most of 
the post-translational modifications required. The effective use of plants as 
bioreactors depends on the possibility of obtaining high protein accumulation levels 
that are stable during the life cycle of the transgenic plants and in subsequent 
generations. However, silencing of the transgenes and low accumulation levels of the 
transgene products has frequently been observed in plants, posing a major 
commercial risk and hampering the general economic exploitation of plants as 
.p ro te in factories (De Neve et al., 1999). The factors and mechanisms rendering 
transgene silencing are thus one of the major issues concerned by many plant 
molecular biologists and genetic engineers. 
In this study, two chimeric MIH gene constructs were introduced into 
tobacco plants by Agrobacterium-mQdmtQd transformation. Before transformation, 
the two chimeric MIH genes in the pBI121 binary vector, pBI121/Phas-sp-MIH and 
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pBI121/Phas-MIH, were sequenced from both directions using the primers 5'MIHP 
and 3'-MIHPP (Fig. 7). DNA sequencing results showed that the chimeric MIH 
genes had correct sequences and were in frame. After tobacco transformation, the 
tobacco plants were selected based on their resistance to kanamycin, suggesting the 
expression of iV/T//gene. These selected plants were then screened by GUS assays 
that indicate the expression of GUS gene (Fig. 22-23). Therefore, the chimeric MIH 
genes that were sandwiched between the NPTII and GUS genes in the T-DNA were 
likely to be integrated into the tobacco genomes as well. The results of Southern 
analysis (Fig. 26-27) further confirmed the integration of the chimeric MIH genes 
into the transgenic tobacco genome. The transgenes showed correct size in 
transformants Msp-1, -3，-4, -7，-9 and -10, and in M-2, -3，-4，-5 and -6 except in 
Msp-2, -6 and -8 which may be due to possible gene rearrangements. The intensity of 
the signals also varies among the transformants, indicating that different tobacco 
• plants may have different numbers of the transgenes integrated into their genome. 
RT-PCR was then performed on transformants Msp-1, Msp-4 and M-4 as a 
preliminary test for the presence of MIH gene transcripts in the developing tobacco 
seeds (Fig. 28). Following the positive results of RT-PCR, northern blot analysis was 
carried out (Fig. 29). The results confirmed the presence of the MIH gene transcripts 
in most of the transgenic plants. 
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4.1 Transient expression of MIH genes 
Despite the presence of the MIH transgenes and their transcripts, 
recombinant MIH proteins were not detected in the total seed proteins of any of the 
transformants using SDS-PAGE and western blot analyses (Fig. 30-36). The 
translatability of the chimeric MIH gene was tested by two methods: the in vitro 
transcription and translation experiments on wheat germ extract, and particle 
bombardments of soybean and tobacco leaves with MIH-GUS fusion chimeric genes. 
4.1.1 In vitro transcription and translation 
In vitro transcription and translation was performed to test the translatability 
of the chimeric MIH gene transcripts. Protein products with the expected sizes of the 
recombinant MIH proteins (15 kDa and 12 kDa for MIH proteins with and without 
phaseolin signal peptide, respectively) were detected (Fig. 38). The results of in vitro 
• transcription and translation have 4 implications: 
1) The chimeric MIH genes were correctly constructed; they can be transcribed and 
translated; 
2) The amount of RNA used in each of the in vitro translation reactions was 2 jig, 
which was much larger than that in the transgenic plants. The absence of MIH 
protein may be due to the low MIH mRNA levels in the cells. 
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3) The WGE has spermidine added to stimulate the efficiency of peptide chain 
elongation and thus overcome premature termination. This suggests the absence 
of MIH protein may be due to premature termination during translation. 
4) The in vitro WGE lacks a protein degradation system and the products 
synthesized by in vitro translation were subjected to SDS-PAGE immediately 
after reaction; in contrast, the products synthesized in the transgenic tobacco seeds 
were analyzed a long time after their synthesis. The MIH products may have been 
degraded in vivo by proteases. 
5) The in vitro WGE translation system (Promega) was supplemented with calf liver 
tRNAs to complement possible codon bias in plant systems which may be 
unfavorable to translation of animal proteins. Thus, it is possible that codons of 
MIH gene (from shrimps) may not be preferred in plant systems. 
4.1.2 Particle bombardments 
The in vivo translatability of MIH gene was investigated by transient 
expression of the gene in soybean and tobacco leaves. Different MIH gene fragments 
were fused with the GUSN gene which has its first ATG start codon removed. These 
MIH fragment-GUSN fusion chimeric genes were put under the control of the CaMV 
35S promoter in the pBI221 expression vector, which were then introduced into the 
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plant cells by particle bombardments. The translatability of the MIH gene fragments 
was reveled by the GUS reporter gene: if the MIH gene fragment could be translated, 
an MIH-GUS fusion protein would be produced and the active sites in the GUS 
protein moiety would turn the substrate x-glu in the GUS staining solution blue. Blue 
spots would be observed in the plant tissues. If the MIH gene fragment could not be 
translated, no spot would be found on the plant tissues. 
Since there were several different ATG codons in the native and modified 
MIH genes, the translation machinery might bypass the first ATG start codon if the 
gene region following it had low translation efficiency. If translation started at other 
downstream ATG codon sites, false positive GUS assay result would be produced. 
Therefore, three different fragments for each of the native and modified MIH genes 
were designed to test the translatability of the MIH genes and avoid false positive 
results. The first fragments, OMl and MMl for the native and modified MIH genes, 
.respectively, were designed to test the translatability of the whole length MIH genes. 
The second fragments, 0M2 and MM2, which contained the MIH fragments 
extending from the first ATG start codon inclusively to the second ATG codon 
exclusively, were used to test the translatability of the gene region following the first 
ATG start codon. The third fragments, 0M3 and MM3, which contained the full 
length of MIH genes with the first ATG start codon removed, were used to 
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investigate whether translation could start at other ATG codon sites in the MIH genes. 
Thus, if both OMl (MMl) and 0M2 (MM2) showed positive GUS assay result, this 
would suggest that the MIH genes could be translated in vivo. However, if OMl 
(MMl) and 0M3 (MM3) showed positive GUS assay result while 0M2 (MM2) 
showed negative GUS assay result, the OMl (MMl) result was a false positive result 
and this would suggest that translation was hindered at the region between the first 
and the second ATG codon sites. 
The results of particle bombardments on soybean (Fig. 40) and tobacco (Fig. 
41) leaves were shown in section 3.3.10. The presence of blue spots (positive GUS 
assay result) in all leaf samples except the negative control indicated that all of the 
MIH fragments could be translated in vivo, at least transiently. The results also 
showed that the whole MIH genes could be translated and translation could start at 
the first and subsequent ATG codon sites. Although the density and intensity of blue 
• spots on the leaves varied among different samples, it can hardly be used as a 
quantitative comparison for the expression or accumulation levels of the different 
MIH fragments because of two reasons: 
1. Some parameters of particle bombardments, including the amount of DNA 
coated on the gold particles, as well as the amount and distribution of gold 
particles hitting on the leaf samples, varied considerably between different 
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bombardment events. Therefore, quantitation of expression levels based on a 
single bombardment event is not statistically significant. 
2. The P-glucuronidase (GUS) protein is very stable and catalytic so that GUS assay 
is very sensitive and cannot distinguish between low and high expression levels. 
The results of particle bombardments suggested that, as the native MIH gene 
can be transiently expressed in vivo, the absence of recombinant MIH protein in 
transgenic tobacco might be due to post-translational events. For example, the 
recombinant MIH protein might be unstable in plant cell cytosol and degraded by 
proteases after synthesis. Other possibilities include: (1) the recombinant MIH 
protein bearing the signal peptide was targeted to and became trapped in the 
endoplasmic reticulum, or (2) secreted outside the cell by default pathway, so that the 
protein could not be extracted and detected. 
The possible reasons for the absence of recombinant MIH proteins are 
• further examined at the post-transcriptional and translational levels based on past 
literatures. 
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4.2 Post-transcriptional gene silencing (PTGS) 
Transgenic experiments involving eukaryotes have revealed that transgenes 
can undergo silencing after integration into the genome (Vaucheret et al, 1998; Fire， 
1999; Kooter et al, 1999). These transgene-induced gene silencing events were 
originally considered insignificant and uncommon but were later found to be a 
general phenomenon that shares many similarities with natural epigenetic 
phenomena, and considerable interest has been devoted to this subject. 
The initiation of PTGS is often a stochastic process whose timing and 
initiation is quite variable. Only some plants in a genetically homogeneous 
population from the same transformation event show the silent phenotype. Once 
established, the silent state is stable and it can persist in vegetatively growing plants. 
However, the silenced gene can be reactivated after meiosis. Thus, PTGS is an 
epigenetic modification initiated and later reset during the life cycle of the plant. 
• Transgenes can be silenced through cis- or trans-inactivation. 
4.2.1 Post-transcriptional cw-inactivation 
Up until now, post-transcriptional cw-inactivation has been observed when 
foreign transgenes were introduced under the control of the strong viral 35S 
promotor (Dehio & Schdl，1994; Elmayan & Vaucheret, 1996; English et al., 1996; 
Ingelbrecht et al,, 1994). In all cases, PTGS occurred more efficiently or exclusively 
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in haploids and homozygous plants as compared with hemizygous plants, and in a 
larger proportion of transformants using a 35S promotor with a double enhancer as 
compared with classical 35S promotor (Elmayan & Vaucheret, 1996; English et al” 
1996). These observations initially suggested that PTGS was due to the 
over-production of transgene RNA above a putative threshold level that triggers the 
irreversible degradation of RNA (Dehio & Schell，1994). However, the level of 
transgene transcription was not always found to be significantly higher in silenced 
lines as compared to non-silenced lines (English et aL, 1996)，thus suggesting that 
some other parameters may also play a role in the triggering of PTGS. 
Multiple models of PTGS have been proposed, considering mainly the roles 
of RNA thresholds and DNA repeats. These models hold that cells have a negative 
autoregulatory mechanism for sensing transcripts similar in sequence. When the 
combined concentration of these transcripts exceeds a critical threshold level, the 
.degradation system is activated (Lindbo et al., 1993; Smith et al., 1994). One of the 
hypothesized mechanisms is that transgene RNA could be specifically degraded if 
tagged by specific small complementary RNA (cRNA) synthesized by a plant 
RNA-dependent RNA polymerase (RdRP) using transgene as template (Dougherty & 
Parks，1995). Alternatively, the tag molecules can be internal fragments of transgene 
RNA produced by pairing cleavage cycles between aberrant poly-A' RNA and 
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normal transgene RNA as a result of internal sequence complementarity (Metzlaff et 
al； 1997). These cRNA could interact with mRNA, thus forming duplexes that 
behave as targets for cellular enzymes like double-strand RNA-specific RNase. 
However, these models cannot explain why the concentrations of target RNA are 
reduced to very low levels found in gene-silenced plants rather than reduced to the 
levels just below the threshold. 
4.2.2 Post-transcriptional/rflW5-inactivation 
PTGS was originally discovered as the reciprocal and coordinated silencing 
of transgenes and homologous host genes, and is usually referred to as 
co-suppression (Napoli et al” 1990). Since.that time, a number of transgenes 
encoding part or the entire transcribed sequence of a host gene have been shown to 
trigger co-suppression of homologous host genes (Depicker & Van Moutagu, 1997; 
Stam et al., 1997). It is now recognized that PTGS can result from rraw^-interaction 
between multiple copies of entirely foreign transgenes, between foreign transgenes 
introduced by successive transformations, and between transgenes and homologous 
host genes (Meyer & Saedler，1996). 
Co-suppression occurs more efficiently or exclusively in haploid and 
homozygous plants as compared with hemizygous plants, suggesting a transgene 
dose effect (De Carvalho et al” 1992). Co-suppression of nitrate reductase is 
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inhibited when the transgenes homologous to the host genes are themselves silenced 
at the transcriptional level, thus indicating that transgene transcription is required 
(Vaucheret et al., 1997). In addition, the efficiency of co-suppression is reduced or 
delayed when host genes are not expressed (Dorlhac de Borne et al., 1994; Smith et 
al, 1990), or when transgenes are introduced into mutants lacking a functional host 
gene (Vaucheret et al., 1997). These results suggest that the transgenes and 
homologous host genes can cooperate to produce signals that trigger PTGS. 
Anecdotal evidence suggests that identical transcribed sequences of about 60 bp are 
sufficient for PTGS (Sijen et al., 1996) and roughly 60-70% identity of sequence is 
required for PTGS of cDNA representing members in the same multigene family 
(Angenent et al., 1993; De Carvalho Niebel et al., 1995; Kunz et al, 1996; Kunz, 
1997). 
PTGS is associated with increased degradation of RNA from the genes 
• affected. Several current models for PTGS suggest 'aberrant RNA' (aRNA) as 
silencing signals (Metzlaff et al., 1997). Possible candidates include methylated 
RNA (Bokar et al, 1997) or conversion of adenosine residues to inosine residues 
(Keller et al., 1999)，truncated RNA, longer than full-length transcripts, antisense 
RNA (asRNA) (Grierson et al., 1991)，double-stranded RNA (dsRNA) (Waterhouse 
et al.，1998) and viroid-like RNA. 
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4.2.3 MIH gene and PTGS 
Since PTGS requires some degree of sequence homology of the transgenes 
with the host genes, a homology search of MIH-like cDNA sequence for any plant 
genes was performed. The results revealed an lAA-encoding gene, IAA14 (Abel et 
al” 1995), found in Arabidopsis thaliana had 18 bp entirely complementary to the 
part of the MIH-like gene in an antisense orientation, as shown below: 
M I H - l : 5 ' - ( 1 1 6 ) G C A A G T C C A A T T G C T T C G ( 1 3 3 ) - 3 ' 
I A A 1 4 : 3 ' - ( 4 5 8 ) G C A A G T C C A A T T G C T T C G ( 4 4 1 ) - 5 ' 
The translated region of the IAA14 gene has 495 bp and its transcript has at least 18 
bases entirely complementary to the MIH gene transcript in an antisense orientation. 
Since IAA14 is an auxin that is commonly found in plants, it is highly probable that a 
similar or homologous IAA14 protein is also present in tobacco. Therefore, it is 
possible for the transcripts of the IAA14 homologue and MIH genes to anneal to a 
certain extent. The two transcripts that act as antisense RNA for each other (Grierson 
et al., 1991)，or the dsRNA-like structure formed by the two transcripts (Waterhouse 
et al, 1998)，may signal the degradation of one or both transcripts. 
However, whether the absence of MIH proteins in the transgenic tobacco 
plants is due to PTGS or not require further investigation. 
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4.3 Codon usage 
In plants, as in other eukaryotes, most synonymous codons of the genetic 
code are not used with equal frequency, but instead some codons are preferred, 
whereas others are rare. The underlying reason for this biased codon usage is not 
clear, but it is thought to be related to the abundance of isoaccepting tRNAs. This is 
because tRNAs corresponding to rare codons are less abundant in Escherichia coli 
and yeast than tRNAs corresponding to preferred codons (Ikemura, 1982; Ikemura & 
Ozeki, 1983). Therefore, the choice of codons has been suggested to influence the 
rate of translation. One possible mechanism by which rare codons can affect the rate 
of translation is that a ribosome may pause when encountering a rare codon, because 
it may take longer for a rare isoaccepting tRNA to enter the A-site of the ribosome. A 
shortage of a specific charged tRNA as few as one (Hsu et al” 1985) or two 
(Yanofsky, 1981) in bacteria can cause the ribosome to pause at codons translated by 
• that tRNA. 
Examples of increased expression in plants resulted from changes of rare 
codons to more typical codon usage include the engineered Bacillus thuringiensis (Bt) 
toxin genes and the green fluorescent protein (GFP) from Aequorea victoria. In the 
former case, a synthetic Bt cryIA(b) toxin gene with optimized codon usage and 
lacking ATTTA sequences and potential plant polyadenylation sites produced up to 
119 
100-fold higher protein levels than the wild-type Bt gene in tobacco and tomato 
(Perlak et aL, 1991; Diehn, 1996). In the latter case, codon modifications in the 
synthetic gfp gene from Aequorea victoria optimized the codon usage and increased 
the G+C content of the gene. While only small and truncated fragments of wild-type 
GFP were found in the transgenic tobacco, one full-size GFP was found in transgenic 
tobacco with the synthetic gfp gene (Rouwendal et al., 1997). 
4.3.1 Codon usage of MIH in plants 
The codon usage of MIH gene in Penaeus vannamei is compared with the 
frequencies (per thousand) of each codon (except methionine and tryptophan which 
are encoded by only one codon) used in Nicotiana tabacum (Table 8). Based on the 
assumption that the more frequently used codons have a larger proportion of tRNAs 
in the cytosol and hence enhanced translation, the translatability (due to codon usage) 
of a gene can be estimated by comparing the codons used in the gene with those used 
in the transgenic organism. The data in Table 8 show that the frequently used codons 
in MIH gene (e.g. CGC, GAC, TGC, CTG, AAG, TTC and TAG) were exactly the 
most preferred codons in P, vannamei, but not in N. tabacum. In particular, the 
frequently used codons CGC, TGC, CTG and CCC (shown in red in Table 8) in MIH 
gene are quite rarely used in N, tabacum, and this may decrease the translatability of 
MIH gene in tobacco. 
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Table 8: Comparison of codon usage frequency 
TVipIet | | F : ^ ； ； : ) 卜 n M I H 
GCT ^ 16.9 ~ 2 — 
Ala GCC 13.0 一 38.8 1 
CCA ^ 7.1 — 0 一 
GCG 一 5.9 10.3 0 
CGT 7.7 9.8 ~ 0 — 
CGC 4.0 16.1 — 4 
Are CGA 5.3 3.9 0 
衫 CGG 15 3.7 1 
AGA 5.4 “ 2 
AGO — 12.4 — 8.3 1 一 
Asn ， ’ — 27.3 ' 9.8 3 
A^ ^ ^ 1 
Asp g a t ~ 35.4 — 19.8 2 
G ^ 172 43^  5 
Cvs TOT 5.1 1 ， TCC 8J 17.1 5 
Gin CAA 21.2 7.3 0 
^ 26.9 一 0 — 
Glu GAA 34.0 19.1 0 
GAG 一 28.7 一 32.7 3 一 
GOT — 24.4 15.1 - 0 — 
GLV GGC 12.0 42.5 - 一 1 
GGA ^ 22.5 — 0 一 
^ ^ 9.8 ‘ 0 
His CAT — 12.7 6.8 l — 
CAC — 8.8 — 丨 8.8 1 — 
一 ATT • 28.2 一 10.5 0 
Ue ATC 14.3 34.2 i 
ATA “ 12.9 — 2.4 0 
TTA n ^ 3.2 _ 0 
TTG 21.8 8.5 — 0 
Leu CTT 24.2 — 10.7 0 
CTC 24.2 一 2 
CTA ^ 1.7 ~ 0 — 
rxc. 一 10.5 27.8 4 
Lys AAA 30.7 10.3 2 ~~ 
1 M G Hil 32.7 — 5 — 
Phe 24.4 一 7.3 2 
n c 17J 38.6 4 
CCT 19.5 — 15.1 一 0 
Pro _ C C C 7.0 23.2 2 
CCA ^ 0 
CCG _ 4.7 — 9.5 0 
TCT ^ 7.3 — 0 
TCC . 10.3 一 25.9 2 
Ser TCA 16.8 — 5.1 Q 
TCG 1 0 7.8 一 0 — 
AGT \2J 4.6 ~ 0 一 
AGC — 10.0 — 13.7 i 
H ^ k l 21.4 — 7.3 0 
Thr ACC 23.7 一 2 ~ 
ACA ^ 6.6 一 0 一 
ACG 一 4.2 11.7 一 0 
TVr tat ^ 9.0 1 
� T ^ ] M 27.4 4 
GTT 27.8 一 12.2 0 ~ 
Val GTC IILS 27.1 3 • 
GTA n ^ 4.9 — 0 一 
GTG 16.7 33.0 3 
The frequencies of codon usage are computed from the gene sequences contained in GeneBank 
Release 119.0 (August 15，2000). The frequency (per thousand) of codons used in each organism 
was calculated by summing up the numbers of each codon used. The data were based on a total 
number of 261,478 codons for N. tabacum and 4094 codons for R vannamei. Sub-optimal codon 
usage of MIH gene in tobacco is marked in red, 
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4.3.2 Codon modification of MIH and further study on 
MIH expression in plants 
Although PTGS is a possibility for the failure in expression of MIH 
chimeric genes in tobacco, it is difficult to study and verify in view of its stochastic 
and epigenetic nature. In contrast, the unfavored codon usage is another possibility 
that can be tested and studied by codon modification. Therefore, our further study 
will focus on codon modification and some of the work has been under way. The 
modified MIH gene has been cloned into the pBI121 binary vector and was put under 
the control of the CaMV 35S and Phaseolin promoter. These chimeric MIH genes 
were then transferred into Arabidopsis genome by AgroZ^ac/enww-mediated 
transformation. Hemizygous transgenic Arabidopsis plants were selected and 
preliminary assays of gene integration and expression were performed. PCR of leaf 
genomic DNA showed the presence of MIH gene in the hemizygous transgenic 
Arabidopsis. RT-PCR of leaf RNA also showed the presence of MIH gene transcript. 
As soon as homozygous Arabidopsis plants are obtained, protein analyses will be 
promptly performed to detect the presence of any recombinant MIH proteins. 
122 
4.4 Post-translational protein degradation 
Another possible reason for the absence of transgenic protein product is that 
the recombinant MIH proteins are somehow recognized by the plant system as 
foreign proteins and degraded by proteases. One way to test this possibility is to 
perform western blots on the total proteins extracted from tobacco seeds harvested at 
different time points before maturation. It may be able to detect the presence of the 
transgenic products, if their absence is due to post-translational degradation, before 
they are entirely degraded. Developing seeds that are 25 days after flowering have 
been harvested and their total proteins have been extracted. However, the protein 
concentrations were so low that, even after freeze-drying, the proteins in each 
transgenic sample were hardly visible on a polyacrylamide gel after SDS-PAGE and 
Coomassie blue staining. Protein extractions from a large amount of seeds, if 
available, harvested at different time points may be a future experiment. However, if 
• the degradation occurs rapidly, it will still be difficult to demonstrate this possibility. 
4.4.1 Construction of LRP-MIH fusion proteins 
Since the lysine-rich protein (LRP) from winged bean has been expressed at 
relatively high levels (3-10% of total extractable proteins) in transgenic Arabidopsis 
(Cheng, 1999), it must be readily translated and remain stable inside plant cells. 
Therefore, the post-translational stability of MIH proteins may be improved by 
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ftision with the LRP. LRP-MIH fusion chimeric genes with the MIH gene being 
inserted in the middle of the LRP gene are under construction. And the insertion 
region is in the random-coil region of the LRP, so that the interference to the original 
LRP conformation will be minimum. 
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Conclusion 
Many studies involving the use of transgenic plants to produce recombinant 
proteins originated from different animal species have been reported in recent years. 
In this study, we attempt to express the MIH gene from White Shrimp in tobacco 
plants so as to obtain MIH polypeptide for studying its molecular structure and 
physiological activities. Two chimeric MIH genes with different targeting sites in 
plant seeds were constructed. Their expressions were controlled by the phaseolin 
promotor and terminator, and their transcribability and translatability have been 
confirmed by in vitro transcription and translation experiment. The two chimeric 
MIH genes were then introduced into plants by A w m - m e d i a t e d 
transformation and their integration into the tobacco plant genome has been 
confirmed by Southern blot analysis. Transcripts of the transgenes were detected in 
total RNA from developing tobacco seeds by RT-PCR and northern blot analysis. 
• However, the recombinant protein products were not detected in tobacco seed 
proteins by SDS-PAGE and western blot analysis. Thus the expression of the 
chimeric MIH genes was limited at mRNA level. Possible reasons include PTGS, 
unfavored codon usage of MIH mRNA in plant system, and post-translational 
degradation of recombinant MIH protein in vivo by proteases. Because PTGS is very 
complex and unpredictable, further studies on MIH gene expression in plants will be 
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focused on codon usage and post-translational protein degradation. Modification of 
the codon usage in MIH gene will be emphasized because there are several examples 
of increased expression at protein levels in plants after changing the rare codons in 
the foreign genes to more typical codons in plants. Chimeric MIH genes with 
modified codon usage have been constructed and transferred into Arabidopsis. When 
homozygous transgenic Arabidopsis are obtained, gene expression assays will be 
carried out. 
Although the desired transgenic products could not be detected in this study, 
the problems associated with the use of plants as bioreactors are revealed. It is hoped 
that these problems will be solved in the near future so that the potential of plants as 
bioreactors to produce desired protein products is not limited. 
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